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On the Deformation of Press-Sheets of Aluminum Alloy 
Used for Manufacturing Particle-Boards. 
Keizo Nishida， Hiroshi Oikawa and Hiroshi Kakuno 
Abstract 
In recent years the so-called particle.boards have been manufactured of the pressed timber tips 
mixed with urea resin at some temperature， which are very useful for furniture or decorative material 
m many parts. 
But in their manufacturing process， ithas been frequently recognized that the press.sheets made 
of aluminum alloy used for pressing the particle tips become gradually shortened and especially 
corrugated around the sheet so much that they could not be used anyway. 
These abnormal phenumena have been investigated and the results gained are as follows: 
1) They are found mainly owing to the reletive di紅巳renceof the thermal expansion coe伍cient
between these sheets and the cast iron heaters. 
2) Furthermore， there may be some infiuences from many other sources， that is， the magnitude 
of the heating temperature and the pressing force， the initial temperature di妊erencebetween the 
sheets and the heaters， the frequency of the heating.pressing cycle for the sheets， and the roughness 
of the surface of the he泊ters.
3) The corrugation of the side part of the sheet may occur as a result of being not pressed in 





















































































Mg Si Fe 乱1n Cu Zn Pb Al 
A 0.763 0.744 0.038 0.023 0.016 0.004 残
























b) 抗張力: 26.5-27.3 kgJmm2 
c) 伸:8.9-9.9% 
d) 熱膨脹係数: 大体の測定であるが， 2.2x 10-5程度
e) 熱伝導度:測定していないが， T6処理で 0.5(cal/cm2JcmfC!sec)前後と思わ
れるへ
f) 比 重:向上， 2.70程度と思われるへ

































































RF 30 f/ 新材
圧延方向


















































ージに伸びを示す。ダイヤjレゲージは 1μ まで測定でき，誤差は公称3μ である。測定温度ば






かった。但し， 30時間加熱後の硬度は， 1500Cの場合には殆んど低下しないが， 2000Cの場合
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熱サイクル回数及ぴ時自(時') 2.50 .C 
















熱サ1?}~ 回数友ぴ時司 (B萄 2500C 






90 Aカー ブー 一連続10時向加熱(非加A)
80隠さ¥
Bカープ |時間 10サイクル (非加圧)
















新材圧延面加熱前 x300 新材側面加熱前 x300
新材圧延商 2500C 10サイクノレ後 x300 新材側面 2500C 10サイクノレ後 x300
これらの写真によれば，加圧加熱前後において特に大きな組織の差は見られない。実際に




ノ心ー テイク lレボードの製造に用いられる加圧用板に必要な条件としては， 1)耐食性のよい











































































































1) 高村・岸. 軽金属， No. 51 (1962)， 39. 
2) ASM: Metals Handbook (1948)， 1246. 






On the Titration Curve of Bimetallic Electrode Potentiometric 
Titration (Sodium Thiosulfate-Iodine Titration) 
Tetsuh巴iTachikawa 
Abstract 
In the previous paper， the titration of sodium thiosulfate with iodine and the reverse titration 
have be巴npotentiometrically carried out by use of six bimetallic electrode couples. The titration 
curves and the magnitudes of the potential change at the end point have been obtained 
In this paper. the potentiometric titration of iodine-sodium thiosulfate was carried out by use of 
seven electrode couples， asreport巴dbefore. The correlation between the shapes of titration curve 
for the electrode couples and the behaviours of the respective electrodes was investigated. Further-
more， the relationship between the potential di妊erencesand the currents for the electrode couples 
was also pursued. The response curves (E "VS. ms of titrant) for each electrode had the di妊erent
characteristics. The shape of titration curve for a bimetallic electrode couple was dependent upon 
























0.1 N ヨウ素溶液は特級試薬(関東化学)ヨウ素約 12.79をにかり取り，これを 1sのメス
フラスコ中でヨウイじカリウム約 409を水 100msに溶解したものに加え，よくふりませ、，溶解
後，水で 1sに希釈した。 0.01N ヨウ索溶液も同じ要領で調製した。
I・1・2 チオ硫酸ナトリウム溶液
O.lNチオ硫酸ナトリウム溶液は特級試薬(関東化学)チオ硫酸ナトリウム (Na2S，03・5H20)








電極の寸法はつぎのとおりである(ただし，直径×長さ)白金 1mmx16 mm， パラジ
ウム: 1 mmx10 mm， 金: 1 mmx10 mm， モリブデン 1mmx12 mm， 銀: 1mmX 
14mm，チタニウム: 1 mmx10 mm，タングステン: 1.5 mmx14mm，ニッケJレ: 1mmX 
14mm，飽和甘コン電極(日立掘場製， pHメータ F 用常温標準型)。









リウム溶液 5m1iを 200m1iのビーカーにとり， 0.5 N塩酸を数 m1iを加え酸性にした蒸留水
45 m1iを添加して全量を 50m1iとした。おのおのの溶液の pHはそれぞれ 6.00および 4.80で
あった。
逆滴定の場合， 0.1 Nあるいは 0.01N ヨウ素溶液5m1iを 200m1iビ戸カーにとり， 7Kを
加えて全量を 50m1iとした。 pHはそれぞれ 5.14および 5.21であった。この滴定には液性に
制限がある。すなわち，0.1N 溶液を用いる場合.pH 0.5-7.5であり， 0.01N溶液の場合は pH
6.5以下であることが必要である 3)パ)。したがって，前述の調製法は滴定条件を満している。
さらに，ヨウ化カリウムの添加量の影響を検討するため，つぎの 2種類の溶液を調製した。











0.1 Nおよび 0.01N チオ硫酸ナトリウム試料溶液を 0.1Nおよび 0.01N ヨウ素溶液でそれぞ
れ滴定して求めた。逆滴定の場合も同じ要領で求めた。
7組合わせの双金属極あるいは双金属板系のおのおのの電極の電位は滴定開始前あるいは














4 3 2 
ヨウ素滴定量 (m!) 一ー一一一
I 1 1一一一一」








---0・- Pt -W 極o1N!，によるo1NNaふ0，の滴定曲線
---0-- Pt -S.C E極0.1N Na，S，O，によるo1N]，白溺定曲線
一・ロー-Pt-SCE極0.1N I，によるoi NNa，S，O，の満宮曲線
ーー由ー-W-S.CE極o1NNa，S，O，による OF~L の l画定曲線
一ームー--W -SC.E極01Nl，による0.1N~a ，S，03 の J聞定白線
EP End円，inl
SCE. Sa¥ura¥ed Ca1ome1 E1ectrode 






E.P End Poinl 
SCE. Sabrated C，;ome1 Elechode 
図-1 Pt-W-SCE系滴定曲線 図--2 Pt-W -SCE系滴定曲線
図 1および図-2が示すように， 白金一タングステン系は 0.1N， 0.01 Nチオ硫酸ナトリ
ウム溶液による 0.1N， 0.01 N ヨウ素溶液の滴定およびその逆滴定いずれの場合もピーク形滴
定曲線を示し， 一方，白金-SCE，タングステン-SCEの両系では前者において逆 S字形，後
者においては S字形を示した。白金タングステン双金属極がピ戸ク形を示す理由は白金およ






































0.1 N Na2S203による 0.1N 12の滴定
逆 滴定
滴
40-50 0.01 N Nむら03による 0.01N 12の滴定
逆 滴定 40-50 90-100 






2 3 4 
‘一一一ー干オ硫酸ナトリウム商定量 1，n





U 2 3 4 5 
一一一-チオ硫酸ナトリ勺ム清定量 !日1)





-ー0--Pt -W 極0:N Na，S，O，によるOO，NJ，ι品定阻掠
---0---Pt -W 極01~ 1，じよるOOINNa，S，O，a;滴定曲禄
一一口一-Pt-SCE極0I N a，S，O，によるoOINJ，の滴定由綿
一ーロー-Pt-SCE極OOINLI:よる01NNa，S，O，の 1Id'!定曲線
ーー詮...-W -SCEl面00'，N ~a ，S， O，による OD1NI，の泊定曲線
"ーームーー-W -SCE極01ト1，:よる01N Na，S，O，の間A白線
E P :nd Po:nt 
己CE Salurated Caiomel Eleclrode 
図 4 Pt-Mo-SCE系滴定曲線
(21) 
一-0--Pt-~!J 極 01N Na，S，O，i:;るD!N1，正面定曲線
---0---?t ト↑o極O，IN1，によるG: N ~a ，S， O， 0; ，;t定白線
-0-一日 SCE極Q，INNa，S，O，:よる0INJ，U);商定白線
一ーロー-P，-oCE極oIN 1，によるo1 ~ r~a2S203 の高走曲線
『ー白ー トー↑oSCE極0'，N Na，S，O，によるQ，lNl，の、高定曲線
ーームー一門o-SCE極O，INl，による0，1NNa，S，O，のj由定白線
EP Eηd POlCl 







図 3および図-4よりわかるように， 0.1 N， 0.01 Nチオ硫酸ナトリウム溶液による 0.1
N， 0.01 N ヨウ素溶液滴定の場合，前述の白金一タングステンーSCE系と同様に，白金モリブ
デンはピーク形，白金一SCE，およびモリブデン-SCEは逆 S字形を示した。 また，その逆滴





の大きさ (L1EjL1V:mV， L1V: 0.02 ms) 
極
j高 定 白金一SCE lモリブデン SCE
0.1 N Na2S203による 0.1N 12の滴定 20-30 80-100 50-70 
逆 滴 定 50-70 140-150 80-100 
…品O による o…鴻定| 60-70 70-100 20-30 
逆滴定 50-60 100-120 40-60 
表-2の示すように， 0.1 N 溶液および 0.01N チオ硫酸ナトリウム溶液による 0.1N， 
0.01 N ヨウ素溶液，滴定の場合，白金一モリブデン，白金一SCE，モリブデン-SCEいずれも終
点において急激な電位|年下を示し，一方，その逆滴定においては電位上昇を示した。また，そ










オ硫散ナトリウム溶液による 0.1N， 0.01 N ヨウ素溶液の滴定およびその逆滴定の場合，逆 S
(22) 
双金属極電位差1商定法における滴定曲線について





---0---pj -Ni 極oIN I，による(11 N ~~a~Sl03 の涜定曲線
--cトー Pj-SCE極01N Na，S，O，によるoINI， 0);菌定曲線
一司ロー ー Pj-SCE極 O.I~ I，による日|刊日a2S20~ の l商定曲線
ーー 白ー -Ni -SCE.t画。1~ NaZS2ù3:= J:る Û1~ I，の画定曲線
・ー「由一-Ni -5.CE極Q.INI，による01N Na，S，O，の滴定回線
EP End Poinl 







4 3 ? 
ヨウ素j商定量 (m/) 一ー一一一
回目。ー 四 pj-Ni 極01N Na，S，O，による0.01N !，OJ由定租線
一-0---Pt -Ni極01N !，r:よる001NNa，S，O，日滴定曲線








字形および S字形を示し，一方，ニッケノレ-SCEは前者の 0.1N， 0.01 Nにおいては終点付近





















の大きさ (;JEj;JV:mV， ;JV: 0.02 m&) 
滴 定 コゴ7王ii11400-20 0.1 N Na2S203による 0.1N 12の滴定逆 滴 定
0.01 N Na2S203による 0.01N 1の滴定 30-50 <10 
逆 滴 定 80-000 00-20 
表-3の示すように， 0.1 N， 0.01 Nチオ硫酸ナトリウム溶液による 0.1N， 0.01 N ョウ素
溶液滴定の場合， 白金一ニッケノレラ 白金 SCE，ニッケノレ SCEは終点において電位降下合示し
その逆滴定においては電位上昇を示した。また，その変化の大きさは白金 SCEがもっとも大










ー0--- Pt -Ag 極oIN!，によるじIN ~a?S， 03 日昔定曲線
--0-・- Pt-SCE極 01N Na，S，O，iこ正る011¥IL日由定曲線
一。ロー-Pt-SCE極 O.INJ，によるoi~Na ，S，れの罰定曲線
ーー由ー-A日SCE恒0.1N Na，S，O，による0"11，出 J罰¥'2組終
ーームーー噂 AgSCE極o1NI，によるo1 ~j !~a?S?G3 J由定自漁
EP cnd Po:nl 
SCE Sa¥ulated Calomel Elec'rode 
一-0--Pt -Ag極01~I Na，S，O，によるO.OINI，日浦定曲線














乙の電極系を用い求められた 0.1Nおよび 0.01N 溶液の滴定曲線を示すと図-7および
図-8のとおりである。
図一7および図-8の示すように， 0.1 N， 0.01 Nチオ硫酸ナトリウム溶液による 0.1N， 
0.01 N ヨウ素溶液滴定の場合， 白金一銀，白金 SCEは逆 S字形，銀-SCEは終点付近に折点
をもつやや直線を示した。 一方， その逆滴定においては白金一銀， 白金 SCEは S字形， 銀
SCEは滴定開始後 3ms滴加までは電位は徐々に降下したが，以後前滴定と同様直線となっ
た。 この電極系では銀 SCEの電位変化がごく僅かなため，白金一SCE電位変化がそのまま白
金銀の変化となり，逆 S字形ないし S字形を示す。 白金一銀 SCE系の終点にける電位差変
化の大きさを示すと表 4のとおりである。
表~4 白金銀 SCE系の終点における電位差変化
の大きさ (.JEj.JV:rnV， .JV: 0.02rns) 
病ー 定
0.1 N Na2S203による 0.0N 12の滴定
逆 消 定






90-100 1ト 110 ¥ <10 
80-90 90-100 <10 
表-4の示すように， 0.1 N， 0.01 N チオ硫酸ナトリウムによる 0.1N， 0.01 N ヨウ素溶液
滴定の場合，白金銀，白金 SCEおよび銀-SCEはいずれも終点において急激な電位降下を示
し，一方，その逆滴定においては電位ヒ昇示した。また，両滴定の終点における電位差変化の
大きさは白金一SCEがもっとも大きく，白金一銀は乙れにつぎ，銀 SCEは 10mV以下で前 2
















4 3 2 
ヨウ素i商定量 (ml)ー一一一一
白ー色ーー p，-Pd 極0.1N Na，S，O，によるOINI，iOJ滴定曲線
一町0--- p，問極 O.IN1，による0.1N Na，S，O，初滴定曲線












4 3 2 
ヨ勺素涌定量 (ml)ー一一一
-ー0-田 p， -Pd 極001N Na，5，O，によるO.OiNI，のl自定曲線




一-!O.--- Pd -S.C E極01N!，によるO.OINNa，Sρ3日l閣定回線
EP End Poin¥ 
5.CE Sa¥ora¥ed Calomel Elechode 
図 10 Pt-Pd-SCE系滴定曲線
10のとおりである。
図-9および図 10が示すように， 0.1 Nおよび 0.01Nチオ硫酸ナトリウム溶液による
0.1 N， 0.01 N ヨウ素液およびその逆の滴定において，白金一パラジウム系はピーク形滴定曲線
を示し，白金-SCE，パラジウム SCEの両電極系では前者においては逆 S字形， 後者におい
ては S字形をそれぞれ示した。 白金一パラジウム系がピーク形を示す理由については前述の白
金一タングステン系と同様に説明できる。すなわち， 0.1 Nチオ硫酸ナトリウム溶液による 0.1
















30-40 140-150 100-110 
20-30 130-140 110-120 
10 30-40 20-40 
10-20 60-80 50-70 
0.1 N Na2S203による 0.1N 12の滴定
逆 f商定
0.01 N Na2S203による 0.01N 12の滴定
逆 滴定
である。




さらに O.lN溶液と 0.01N 溶液の大きさは両滴定いずれも前者が後者に比べて大きかった。
III.1・6 白金一チタニウム-SCE組合わせ







2 3 4 
一一一一ー子オ硫酸ナト1)つム酒定量 (ml)
4 3 2 
ヨウ素滴定量 (ml)ー一一一一
5開。
2 3 4 
一一一-子オ硫酸ナトリウムJ直定量(~/)
4 3 2 
ヨウ素i商定量 (ml) 一ー一一
一←ー Pt -Ti極0.1N Na，S，O，による01NLの:面定回線
一-0--- Pt -Ti極O.1N1，による0.1NNaふ0;白滴定曲線
--cトー Pt-SCE恒 0.1N Na，S，O，によるoINI，O)滴定曲線
，ーロー-Pt-SCEli百O.IN1，によるO.INNaふ0，の商定曲線
ーー由一ー Ii SCHjj O.INNa，S，O，によるO.1NI，の滴定曲線
ーームー--Ti -SCE極O.INI，による0.1NNa，S，O，日滴定曲線






-o-ー Ti -SCE極01N Na，S，O，によるOOINI，の;画定曲紙
一ームー・ Ti-5.CE侮01N 1，仁よる01N Na，S，O;の滴定曲線
EP End Poinl 
S.CE. Saturated Calomei日echode




図-11および図-12が示すように， 0.1 N および 0.01N 溶液のチオ硫酸ナトリウム溶液
による 0.1N， 0.01 N ヨウ素溶液滴定においては白金一チタニウム系はピーク形滴定曲線，白
金一SCE，チタニウムーSCE両系は逆 S字形を示した。一方，その逆滴定においては白金一チタ



















0.1 N Na2S20.による 0.1N 12の滴定 40-50 100-120 
逆 滴 定 100-120 90-100 
0.01 N Na2S203による 0.01N 12の滴定 30-40 40-50 
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ーー日・-PtらCt極OOINNa，S，O，:よるoOlNl2のI由定曲線一ーロー一司 Pt -SC E 樋 01N 1乏による001トINa，S，O，の滴定曲線




--0--Pt-Au極 01N ~a ，S，0" こ品。トl:2 内定曲線
圃ー0--- Pt -Au極oi~ 1，によるC1~~a ， S，O ， OJ;間定曲線
回目a--Pt-SCE倍oi N a，S，O，:よるC:e;'，の満宮曲線
一ーロ---Pt-SCE 栂D1;，↓!，によるじ1 N a，S，C，の由定曲線
『ー缶ー-Au-SCE極 0.1N NaZS203によるD!NI，のl直定曲線
--.A--Au-SCt極o1~ I，による 0INNa ，S，u，の闇定曲線
EP. E吋 PO;I，t
SC E. Satorated Ca:omel Eleclrode 
Pt-Au-SCE系滴定曲線函 14Pt-Au-SCE系滴定曲線図-13
0.1Nおよび 0.01Nチオ硫酸ナトリウム溶液による図-13および図 14が示すように，






































0.1 N Na2S203による 0.1N 12の滴定 50-60 80-100 
逆 滴 定 140-150 80-90 
0.01 N Na2S203による 0.01N 12の滴定 10-20 20-30 
逆 滴 定 90-100 100-120 
電位上昇をするので，その差は小さくなる。すなわち， 白金一金系はピーク形になる。つぎに
白金一金一SCE系の終点における電位差変化の大きさを示すと，表 7のとおりである。
表-7の示すように， O.lNおよび 0.01Nチオ硫酸ナトリウム溶液による 0.1N， 0.01 N 
ヨウ素溶液滴定の場合， 終点における電位差変化の大きさは金 SCE>白金-SCE>白金一金の
順で， またその逆滴定の O.lN溶液では金一SCE>白金金>白金一SCE， 0.01 N溶液では金
SCE>白金一SCE>白金一金の順序であった。両滴定のその大きをを比較すると， 0.1 N溶液の
白金-SCEが同じ大きさであるほかは逆滴定の大きさの方がチオ硫酸ナトリウムによるヨウ素







リブデンなどの組合わせの 0.01N溶液の曲線は O.lN溶液より高電位側にあり， また，終点






表 8からわかるように， 白金一タングステン， 白金一モリブデン， 白金一ニッケJレ， 白金
銀および白金一パラジウムの 5組合わせはヨウ化カリウムの添加量増加とともに滴定曲線は低
電位側に移行し， 白金一チタニウムおよび白金一金の 2組合わせは逆に高電位側に移行してい





一寸0.01耳 I25 mf!+ i 0瓜 I25 mf!+ I 0.01 N I2 5 mf!十日2045m.e I V.V_.l_ J._~.L~oJA~l:~ I V T n h: ~ I 電極組合せ V.V.l. .l_'1 .12 tJ UH/T .LJ.z'-' ":1'- 1l1.{j H2045 mf!+K I 0.5g H2045 mf!十KI 1.0 g 
-，-----------
Emax I Emin I 11Ej4V I Emax I Emin I山 vIEmax I Emin ! 1Ej11V 
一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一寸一一一一一一一一一一一寸 一一一一← ，------
Pt-SCE 426 172 
Pt-W 586 379 
羽にSCE 161 -292 
Pt-Mo 503 260 
Mo-SCE 111 -212 
Pt-Ni 569 20 
Ni-SCE 396 -212 
Pt-Ag 629 342 
Ag-SCE 一202 216 
Pt-Pd 38 l 
Pd-SCE 419 223 
Pt-Ti 232 20 
Ti-SCE 396 26 
Pt-Au 83 1 
Au-SCE 425 lO8 
50-60 310 61 
40-50 526 292 
40-50 12 -349 
60-100 444 258 
20-30 52 -245 
30-50 468 19 
<lO 289 249 
110-130 588 335 
<10 -276 -303 
10 18 1 
20-40 308 147 
30-40 253 4 
60-80 307 -150 
10-20 218 9 






















50-60 281 52 30-40 
40-50 490 280 10-20 
20 1 -338 10 
30-50 423 228 30-40 
10-20 52 -260 lO 
30-40 421 13 20-40 
くlO 266 266 <10 
50-60 595 356 40-50 
<5 -303 -334 <5 
<lO 11 1 <5 
20-30 276 
80-90 279 -3 90-lO0 
30-40 276 179 lO-20 






























































2 3 4 
一一一子オ筑酸ナトリウム駐量
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モリブデンヲ 白金ノfラジウムラ 白金一ニッケノレラ 白金金はピ戸ク形， 白金一銀は S字形ヲ 白
金チタニウムは逆S字形をそれぞれ示した。
2) 銀電極は滴定中電位はあまり変化せず， また，ニッケ Jレ電極も 0.01N溶液逆滴定の










(昭和38年 10月 日本分析化学会第 12年会において講演)
(昭和40年 4月30日受理)
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Studies on Production of Highly-reduced Briquettes from Powdered 
1ron Ore by Means of High-pressure Briquetting following 
High-temperature Reducing Firing in Succession. (1) 
Effect of Firing Conditions on Qualities of Highly-reduced 
Briquettes from Magnetic Iron Sand. 
Akihiko Tanaka and Hiroshi Katayama 
Abstract 
As for the production of highly-reduced briquettes frorn rnixtures of rnagnetic iron sand and 
biturninous coal by rneans of high司pressurebriquetting and high-ternperature firing， we investigated 
the influences of the五ringconditions on their qualities and obtained the following results:一
(1) It is possible to produce the highly strengthened briquettes with high d巴greeof reduction 
in this rnethod 
(2) The suitable proportion of coal added is about 20 pct 
(3) The highly.reduced briquettes of adequate strength appear to be produced only when the 
briquettes are五redat ternperatures frorn 1250 to 1300oC. 
(4) It is observed that the reducing reaction takes place quite rapidJy and is alrnost cornpJeted 
































表 1 原料砂鉄の化学分析値 (0/0) 
T.Fe FeO 叫¥A1203 ¥ Cao ¥ Mgo Ti02 
52.14 30.18 19 I 3.12 I 1.24 I 2.87 I8幻
表 2 原料砂鉄の粒度分布
竺土ゴブ 100-150 竺ア_oI~0-25o if竺竺i-325 







表 3 石炭およびピッチの工業分析値 (%) 
i7央三1 水 分
幌内産石炭 3.86 42.51 42.21 11.42 









述の理論値を中心として， 90: 10， 80: 20， 70: 30の3種をひとまず選定した。ピッチの粘結効




図-1に示すごとくとりつけ圧縮し生ブリケットを作製した。図 1において Aは圧縮棒， Bは




円筒型， Cは受台， Dは抜型である。 a)は圧縮成形中の写真で乙の場合Dは使用せず， B中に
粉末を入れ， Aを押し下げ製u!する。 b)は抜取中の写真で Bに固着したブリケットを Aを再ε
び押し下げることにより，この際捕入した Drtの空間に抜き落す。 Bは内径 17mm，長さ 100










































































ーーー- 90: 10: 3 
一一 80 : 20: 3 












がある。 もちろんこの間も還元反応もおこり， また， 一部の固定炭素の燃焼も重量減の原因と
なっている。 つづいて曲線、は次第になだらかになり還元反応の進行を示す。 20-30分の経過
後重量減がほぼ停止する。










図-3(土砂鉄80，石炭 20，ピッチ 3配合の約 2，200kg/cm2で圧縮成形したブリケットを
1，150， 1，250， 1，300， 1，350oCの各焼成温度で焼成した場合のブリケットの還元反応の進行状態
を示す。 焼成温度が高い程還元はすみやかに進行し， 最高到達還元度も高い。 とくに 1，1500C
(40) 
























/"ド4 分 I" 












































素を過剰に配合した場合， すなわち 30%配合の結果を見ると， 反応初期の還元速度はきわめ
て大きく， 5分焼成の結果は 20%配合の場合より相当高い値を示すが，その後反応の進行は渋
















































































いない。 また 10%配合の場合は未還元粒子が多く， 30%配合の場合は粒聞の空隙が多く，焼
成収縮なし組織はきわめて粗い。
この組織の相異は耐圧強度に直接関係があり，充分還元され，焼き締った試料，すなわち
1，2500C， 30分以上焼成した 20%配合のプリケットは 1，000kg以上の圧に十分耐えることがで
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Studies on Production of Highly-reduced Briquettes from Powdered 
lron Ore by Means of High-pressure Briquetting following 
High-temperature Reducing Firing in Succession (2) 
Effect of Various Kinds and Particle Sizes of Raw 
Materials on the Qua!ities of Highly-reduced 
Briquettes from Magnetic Iron Sand 
Akihiko Tanaka and Hiroshi Katayama 
Abstract 
After th巴 investigationsin the previous report， the .authors studied the e妊ectsof various kinds 
and particle sizes of raw materials on the qualities of the highly-reduced briquettes. The results 
obtained are as follows:一
(1) It is necessary to grind the magnetic iron sand in 200 to 250 meshes. 
(2) The coking property of the coal added has slight influences on the degree of reduction. 
However， briquettes are cracked when non-coking coal is used， while they expand in barrel shapes 
and form the cavities in the product when coking coal is used. 
(3) It is desirable that the coal is ground in 100 to 150 meshes. 



























種 .'iJU I T.Fe I FeO I Fe203 I叫 IAl203 I CaO I MgO i Ti02 I S 
未磨砕砂鉄 |剛11m lc田 631l2731 1.08 
磨砕砂鉄 52.14 I 30.18 I 40.90 9.19 I 3.12 1.24 2.87 I 8.27 I 0.051 
表-2 原料砂鉄の粒度分布(%)
粒 度 区 分 (メッシュ)
種 .'iJU 42-100 2∞-2ωI 250-邸 | -325 
未磨砕砂鉄 19.0 70.0 9.0 1.0 0.4 0.6 

























48-1∞|ル 150I -150 
4.20 3.86 3.78 
42.97 42.51 39.65 
43.39 42.21 37.82 




4い 00 Iル 150I -150 
1.84 2.36 2.07 
33.54 32.01 32.29 
43.54 40.05 40.08 
21.08 25.58 25.56 
0.216 



































IS 30 4s 60 
焼成時間 (分)











































0・10~ 150 ， 
ム企ー 150
1完成時間 30分




























































































































































































































































幌肉炭 : 20 
(IOO~ISO"，')ヨシエ〉
ピ、νチ:3 













































1. 原料砂鉄は 250メッシュ程度に磨砕することが， 90%以上の高還元度のブリケットを
得るためには絶対に必要な条件である。採掘， 選鉱されたままの 100-150メッシュ程度のも
のでは他の条件が最良であっても最高到達還元度は 80%程度でかなり低い。





















Studies on Production of Highly-reduced Briquettes from Powdered 
Iron Ore by Means of High-pressure Briquetting following 
High-temperature Reducing Firing in Succession (3) 
Some Considerations on Microscopic Structure and Compressive 
Strength of Reduced Briquettes from Magnetic Iron Sand. 
Akihiko Tanaka， Hiroshi Katayama 
and Hiroshi Tanaka 
Abstract 
The microscopic structure and compressive strength of the briquettes produced by means of 
high-pressur巴 briquettingand high-temperature reducing五ringas described in the previous two 
reports are examined and considered. The main results obtained are as fol!ows: 
(1) When the briquettes from magnetic iron sand and bituminous coal are五redat above 1250oC.， 
magnetite is reduced into ferrite (austenite) through wustite very rapidly. Ferrite particles formed 
in such a way are fused and cohered to one another， and form highly strengthened structure. 
(2) Rock-forming materials in magnetic iron sand， ash in coal and五neiron oxide powder are 
fused partially at high temperature， and form glass. This glass五lsthe cavities after carbon was 
consumed 
(3) Reducing reaction begins on the surface of the briquette and proceeds toward its inner part. 
Reduced layer formed in such a way is dense and prevents the gas formed by reducing reaction 
from releasing. As the result， the reducing reaction in the inner part is delayed and causes cracks 
and cavities to form. 
(4) The main factors governing the strength of the briquettes are the degree of reduction， fusing 
and coherence of ferrite formed， presence of cracks and cavities， quantities of residual carbon，五ring
shrinkage， etc. When bituminous coal is added by about 20 pct.， the strength of briquettes has a 
correlation with the degree of reduction in most cases， while in other percentages of coal added it 




































高圧製団，高温還元焼成併用による粉鉄鉱より高還元度プリケットの製造 ~C関する研究(第 3 報) 59 
すことはすでに一般に認められていると乙ろであるが，本法のごとき高温還元においては直接
還元反応の可能性も考えられぬでもなくべ これを否定する根拠もない。 ガつえを媒体とする場
合， 還元反応の進行には CO<の供給源としての酸素が必要となり， ζれが酸化鉄の熱解離よ
り供給され得るとの説もあるが5〉，多くは外気よりの表面還元層を通過しての浸透供給を要す



































































(a) 未磨砕砂鉄配合 x120 (b) 磨砕砂鉄配合 x120 
(c) 末磨砕砂鉄配合 x480 
図-1 砂鉄粒度による組織の変化




























図 2 幌内炭配合の組織 x120 
配合比;80・20:3 
焼成条件;1300oC， 30分
図-3(a)， (b)はともに磨砕砂鉄腕内炭を使用し配合比は 80:20でこれにピッチ 3を加え
たもので焼成条件も 13000Cラ30分とまったく同一条件で製造した還元ブリケットの組織を示
す写真であるが，使用した石炭のおf皮は前者が 48~100 メッシユラ後者が 150メッシュであ





関連があるものと思われるが?磨砕砂鉄の場合， 100~150 メッシュが最適であり， ζ れより粗
粒であっても微粒であっても還元度その他の性質が劣化するととが認められた。










砂鉄:石炭:ピッチの配合比70: 30 : 3， 80: 20 : 3， 90 : 10 : 3の3種について試駄を行な
った。前報で述べたように石炭の配合量はこの方法による還元ブリケット製造の場合ほぼ理論
量である 80:20:3の場合還元度，強度ともに最高の値を示し過剰の配合は有害無益である。事
実， 70 :30: 3配合のブリケットは還元度もいくぶんか低下するが，強度がきわめて低い値を示
す。粒子個々は還元されても，炭素消費後の空隙が大き過ぎ，かっ残留炭素も多量で，粒子相互
の結合はほとんどなく，研磨し顕微鏡試片を作製することさえ，きわめて困難であった。した
がってここでは 90:10: 3配合の顕微鏡写真を示し， 乙の配合による還元ブリケットの組織の
特徴をのべ普通の 80:20:3配合のブリケットの組織と比較論述するにとどめる乙ととする。
図-4(a)， (b)はともに夕張炭使用磨砕砂鉄のブリケットで共に 90:10:3の配合比，石炭粒

















図-5(a)， (b)， (c) はともに磨砕砂鉄，夕張炭 100~150 メッシュを使用，配合比は 80: 20: 3， 





図-6，7 は配合比 80:20:3ラ磨砕li'J、鉄，夕張J夫 100~150 メッシユを使用し， 12500Cで5，
15分焼成したブリケットの顕微鏡写真である。それぞれの図において， (a)は周辺に近い部分，
(b)は中心に近い内部の組織である。 5分焼成では (a)と(b)との差がいちじるしく， 後者はほ
(a) 1150oC， 30分焼成 x120 (b) 1250oC， 30分焼成 x120 





(a) 周辺部 x120 (b) 内 部 x120
図-6 焼成時聞による組織の変化 (1)
間合比;磨砕砂鉄80:夕張炭 (100~150 メッシュ) 20:ピッチ 3
焼成条件;1250oC， 5分
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焼成時向:30分ー， ， ， 配合比， ， 
j車庫砕砂鉄 : 80 -， 












次に石炭粒度の強度におよぼす影響を図-12(a)， (b)に示す。 概括的には 100~150 メッシ









0 15 30 45 
焼成跨間(分)
(aJ 焼成時間による変化
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The Reverse Recovery Transient Phenomena 
in Diode Logic Circuits 
Yoshikazu Abe 
Abstract 
The charge storage (and， consequently， the recovery time) problem of a p-n junction diode has 
been a most troblesome phenomenon in the application of junction diodes in switching circuits. 
Recently， new diode models， the base charge controlled or the concentration pattern controlled 
models， have been used to analyse such ones. 
Utilizing these models， one can solve the transient characteristics encountered in diode switching 
circuits such as the response delay in high speed diode gate circuits or the accelerative turn off action 
in inverter circuits by means of a level shift diode. And then， some diode parameters such as diode 
time constants， f8， fIi， etc.， are required to evaluate numerically. 




























図-1においてダイオ F ドD は理想タ1オードを示し， その電圧と電流の関係、はつぎのよ
うになる。
q .， ~. ， 























。 X{'1 X 





























?? ? (5 ) 
となる。 したがって図-1のダイオードモデノレより電流にかんする平衡方程式は，t。くtくんに
おいて
-IR=i1hat (6 ) 
となる。初期条件として i=i， = IFとし， 2にスイッチした時刻jを基点 t=Oとすれば Oくtくら
において
i， = -IR+ (IF+ IR) e 7，"1 




この時刻におけるんぺ F ス内の蓄積電荷 QS(t8)は
QS(t8) =小川ム t= t8 (8 ) 
であり， Kunoによれば Q8(tS)は逆回復時定数τRとんでつぎの式であらわすことができるへ
Qs(ん)=τRIR (9 ) 
したがって， (3)， (7)， (9)よりらはつぎのようになる。
t8 =む[州+;) -ln (1 +号)J (10) 
(10)により電流 IF，IRと蓄積時間んを測定することにより，ダイオ{ドの両時定数 τs，τR
を定める乙とができる。
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Q8(t) = 7:R.i(t) 
図 1のダイオードモデノレにより，電流の平衡方程式はつぎのようになる。
dVム''''i(t)=i1+右+C，z - ~:u =三竺i(t)
ι・レ ι ‘ 8
r (山rblCd ¥ ， f' r n ，_ ，_ ¥1 di(t) +¥7:R(1-ur;:vd )+Cd(R+rb1十月2)j77、 ¥τ8 ノ J
Q.(ん)=7:RIR (9)の条件のもとにこれをとけば
r (1+τR/7:S) (tーん) 1 i(t) = exp I一一一一一 | L 7:R(l一αrblCcl/τ8)十Ca(R十rbl十rb2)J 
となる。いま
















えた 2・1・1で求めた値を用いる。 このようにして (13)，(15)から予想される特性と観測される
ものとはかなりよく一致する。
このようにして蓄積時間らまたは減衰特性 i(t)をもとめるには， ダイオードの各定数九
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kT， (~ • 1Ti' ¥ Vt' = _"'_:'_ ln ( 1 +二手)+ [(1ー α)rbl+rb2]1p 
q ¥ 10 / 
Oくtくんでは (7)，(16)より
(17) 
kT 1 i" -IR十(lp+1R)e--;; 1 V=ー ←ー ln! 1十一一一一一-T-一一一一一一|
q L 10 .J 
一(rOl十rb2)一αrbl{-IR十(lp十1R)e;:;} (18) 
t=Oでは (18)より端子電圧 V。はつぎの値をとる。
長T ， ( 仁¥γ
一一一 ln(1十三ι)一αrb11p
Yア q 1o/ 一一 一一
川 1+ (rOl+η2)/R 
(19) 












11>0 = _lj_ -RO~ n (20) 
として求めることができる。
さらに，スイッチが2の側に入れられた瞬間の電圧の跳躍の大きさ AVoは (18)，(19)より
AVo = (rbl十rb2)(lF + IRo) (21) 
となる。
これより電流 IFの lROを測定すれば (rb1十rb2)の大きさを求めることができる。 1.でのべ
たように rb2はペース幅が拡散距離にくらべて大きいときの付加的な抵抗なので， もしこのよ
うに考えなくてもよいならば (21)の(rOl+rb2)宇rOlとして rb1を求めることができる。






kT， Iw kT t T _!_ 
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されているから等価容量Cd とみなすと減衰の oj 
時定数は高々 7nsとなり，ひどくかけはなれた











































































Q。を通つての大地への分路はなくなり，電流 Lは切り変えられて D.を通じて Q2をオンtこ
し， D.を流れていた電流はしゃ断される。しかし，過流状態時間ではD.は前述のように低イ












時間は (10)の蓄積時間んと (13)または (15)の減衰時定数から求められる。すなわち， D2の逆
回復とともにA，Bの電位が上昇し， Bの電位がレペノレシフト・ダイオートのスレシュホー Jレド








(max) = 10 (e会 Vd2(血axl_1) 1 





2の逆方向電流が最少になるのは，E1 (min)， E2 (min)， R1 (max)， R2 (max)のときに生じ
(84) 
ダイオード論理回路の逆回復過渡現象 85 
E，(min)一(Vム(max)+ Vム(max)) ， E2(min)ー (Vce(max)+ Vム(max))) 13 (min) = ._，l'..u..I.L.Lj ¥ r ~e ~::~~~\ I， rt:1 ¥J.u u..n.} J +~2 ¥U-U.U/ ¥ r~e ~~~~~~\ Il' (t3 ¥J.UUA.j J I 
R，(max) R2(maX) ~ (25) 













大きい構成 H>ー は NAND基本回路)
1m (min) ， 1m (min) 五(min)= _'_1~~_~.u.U.~.L~ + 





i) t>ら(max)では逆方向電流は (13)のようにへりはじめ， B点の電位 VB はVB孟Vthで
つぎのようになる。
( E，R2十E2R， TT ¥ VB = VAU十Vd1+(一一一一一一 一VAO)・[l-exp{-a(tーら)}1 ¥ R，+R2 . fl.V) (28) 
乙こlこ
VAO = Vム(max)+ Vd3 -Vd20 (29) 








t~ = l_ 1n ，_ (!':R，;: !':~~，J!(R， ;:，R心-VAO一.






i) 蓄積時間ん(max)は(27)のようになるが， 乙の式中の電流は (24)，(25)にのべたように
トランジスタの飽和電圧のバラツキを知らねばならないが， もし乙れを知り ι(max)，I~ (min) 
が求められると， 3・1でのベた実験結果より
ん(max)= 2.5 [叩+知)ー] (32) 
となる。
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図-19 逆回復遅延時間特性




















Q明 = q¥ P (x， 0)dx-q¥ P (x， t.，)dx = Qp(a) -Q8(t.) 
である。これをダイオード定数九日であらわすと， (3)， (4)， (9)ヲ (33)，(34)より
τ.lp - 7:R1R>QB 
ここでんは，E，-;:P VB1，+ Vp のように回路を設計すれば
1"，= E1一(VBE十 Vn)-' E， 










的にみてレペノレシフト・ダイオードの内部抵抗3(rM十rO2)*とダイオ F ドD1の順方向抵抗 rdな
らびにトランジスタのぺ{ス抵抗 rbbの和と考えられるから hはつぎのようになる。
γ3Vo * 
'R - rbb+3(rbl+r叫+7ミ (37) 
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Nonlinear Function Generaters with Varistor 
Itaru Tukahara and Shoichi Kitamura 
Abstract 
There have been strong demands for appJying anaJog computers in many forms of nonlinear 
transfer characteristics. In this problem the technique of varistor function generators is a hopeful 
one. In the DuogJas Aircraft Company's Quadratron functIon generators， varistors are used in gen噌
z 
erating th巴 voltagetransfer characteristics of the forms XoニaXiand Xo = bX，!: in which exponent 
n is 2， 3， 4， 5 and 6. 
In this paper， are presented some advanced techniques in which a portion of any nonlinear 
characteristic is approximated by the varistor function generators and then al portions of this 
nonlinear characteristic are connected in series. This technique may be provide more excellent 




















I=KE'混 (1 ) 














8r ・- NO.75 (50V， 7.4lmA) aJ 20.C 
ムー ー-A NO.75 (50 V， 8.75肌 A)a.t 55.C ?????



























0-一一一o : NO. 2 + 4 J< n 
ム一一-1::，. : NO.20 
40 X一一一× NO.2 




































E= lR。十Cl1/η ( 2) 










??? (3 ) 
(3)式においてラ希望する nをヲ印加電圧 El> E2時のパリスタ戸電流 11とLの比の値を R
を変化する乙とにより求める。図-4に示すのは n= 1.85をうるために行なった測定結果で，
先ず E1=50Y， E2=40Yの2点において電流値を測定しうその比が 1)12=1.511になる様に直
列抵抗を trialand errorで決定した。 測定回路を図-3に示す。 図中 Y.T.Y・M:真空管電
圧計(入力インピ F ダンス 11MQ)，A:直流電流計 (0.5級)， E:直流可変型安定化電源を示
す。本実験は指数 2.2~2.7 のもの約 100 個について行なったが， R の値は 1KQ~4KQ の範囲
であった。
4. パリスター基本回路






















eo = KRe~' (4 ) 
また，入力々と出力 eoの聞にも指数関係が存在するからラ入出力聞の非直線指数を n'，係数
をK'とすると







抵抗引指 数[ 係 主t 係 数
R (k.Q) I n' K' (V) R (k.Q) I n' K' (V) 
0.5 2.14 6.3x 10-4 2.7 8 1.49 5.5x 10-2 15.8 
1 2.02 1.7x10-3 5.0 10 1.43 7.5xlO--2 20.0 
2 1.84 6.0x 10-3 8.0 15 1.41 8.4x 10-2 20.5 
3 1.76 1.1x10-2 10.5 20 1.2 2.0xlO-1 21.0 
4 1.73 1.4 X 10-2 12.2 50 1.13 3.9xlO-1 32.5 
5 1.68 1.9 X 10-2 14.0 100 1.08 5.6xlO-1 37.5 
6 1.60 3.0xlO--2 15.9 250 1.0 8.0xlO--1 40.0 
7 1.57 3.4x 10-2 17.8 500 1.0 8.6xlO-1 43.0 












































































































































































































































































































































② P，=0.2， P23=0.3に調整(始点 10V，区間幅0.75V)





② Pj4=0.35， P24=0.4に調整(始点 17.5V，区間幅 10V)
@ 入力電圧を④端子に接続し，Zf.=5.4 MQに調整。
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On the Theoretical Analysis of the Magnetic 
Circuit in Micro-motor 
Tadanori Zusho， RyuzδDate and Osamu Kondδ 
Abstract 
A “micro-motor" as the ward goes， isan extremely small D. C. motor with the permanent 
magnetIc五eld，so the powerful torque and practically constant speed are required over any load 
range 
The present writers analyzed the torque and compared it with their experimental results. 
Then， itis concluded that the torque depends on the f1ux distributing over the air gap， which 
is analyzed by the magnetic circuit and the equivalent permiance 
At the end of this paper are tabulated the relations among the angles made by the stator and 


























造を図-1に示す。すなわち外径が 30mm，全長が 55.5mmのもので厚さ 1mmの継鉄の内側




















全磁気界磁石による磁気エネルギーを dWM，微少時間 dt聞の電気エネlレギーを dWe，
エネjレギーを dWm，角変位量を dθ，発生トルクを Tとすれば，エネルギー変換の関係2)から
(1 ) dWe+dWM= Tdtl+dW明
ここで各極の巻線の電流を i1，i2， i~ ， 自己インダクタンスを L" L" L"相互インダとなる。










?? ?? ? ? ? ???
ぷT(/)2' 交数 N(/)，ラ
また
/ゆ¥. T • I 〆Jt拍¥. T ("d泊¥
dWe=(N三二土)乙dt十(JV-J-li2dt+(JV-ili3dt¥ •. dt Fl~" I ¥.. dt r2~" I ¥.. dt ! 




dWe = N(i，d(/)M，十i2d(/)M2+i， d(/)M言)+ idL1 + i~ dL2 + i;dL， 
+2(il i， dM'2+i2 i， dM，+i， i， dM3，) (4 ) 
となる。一方
1~.n.l~.n.1 
W明=玄L1ii+玄L2i;+互L，l;+ !v[" i， i2 + M"ちら+M31i3i，+WM 
であるから
1 
dW明 =1ziidL1+1zi2dL2+zziidL3+ιιdM'2+ιi3dλ12， +i， i， dM31 + d W M 
(5) 
従って図-2のごとく界磁石と回転子極との軸のなす角を θとすれば， (4)， (5)式を (1)式に代
入して回転子の有する全発生ト Jレクは次式により求める乙とができる 3)川
(. d~由M， 1: d(/)M2 1: d(/)M3 ¥ I 1 (・2dL， I ~2 dL2 I .'2 dL， ¥ T=N(i， ~";::"十一←一一 +i 一一::'3 ) + ;.( i ~;:'.'十 i; ";:'.2 +i一一一)Vl dtJ' T12-;[f) T13-;[f} T2 ，l{[jj Tlz{[jj T1'{[jj 
+--JM..JM..dJ141 12761十1213羽'L+i， i， ~d~ ( 6) 








NI/)~M NdI/)M/d{J L dL/d{J M dM/d{J 
(サ (x 10-4Wb) i(x 10-4Wb/rad) (10-4H) I (XlO-5H/radj I (x10-4H) I (xlO-5H/rad) 
。 19.1 。 3.362 。 1.213 -5.50 
5 19.1 0.6 3.364 0.58 1.209 -0.38 
10 19.0 2.6 3.371 1.06 1.207 。
15 18.4 4.7 3.384 1.48 1.210 0.26 
20 18.2 6.9 3.396 1.84 1.210 。
25 17.5 8.8 3.420 2.28 1.209 -0.16 
30 16.5 10.0 3.444 2.28 1.207 -0.40 
35 15.6 10.8 3.451 2.06 1.203 -0.46 
40 14.6 11.7 3.475 1.91 1.199 -0.29 
45 13.8 13.2 3.491 1.75 1.198 。
50 12.5 14.2 3.505 1.52 1.198 0.19 
55 11.1 14.4 3.529 1.26 1.201 0.44 
60 9.9 14.9 3.529 1.00 1.205 0.67 
65 8.7 16.3 3.534 0.67 1.214 1.11 
70 7.0 18.0 3.538 0.42 1.225 1.41 
75 5.5 18.4 3.541 0.26 1.238 1.84 
80 3.8 20.7 3.545 0.14 1.257 2.14 
85 1.9 22.1 3.543 0.04 1.276 2.33 
90 。 22.1 3.543 。 1.297 2.33 
(単位 g.cm)
表 2 トノレクの計算値
{J (0) 1可 31018j3010601090 l r)lk-I2572h40[300 
。 0.46 2.74 4.56 9.13 13.71 18.29 22.88 27.47 32.07 36.68 45.90 
5 0.49 2.92 4.86 9.73 14.62 19.51 24.41 29.32 34.24 39.18 49.07 
10 0.54 3.24 5.40 10.81 16.22 21.67 27.12 32.59 38.08 43.57 54.61 
15 0.56 3.35 5.59 11.20 16.83 22.47 28.14 33.82 39.52 45.24 56.73 
20 0.61 3.68 6.13 12.28 18.45 24.64 30.84 37.06 43.30 49.56 62.13 
25 0.65 3.91 6.52 13.06 19.57 26.19 32.78 39.39 46.01 52.66 66.00 
30 0.66 3.93 6.56 13.13 19.73 26.34 32.96 39.60 46.25 52.93 66.32 
35 0.65 3.91 6.52 13.05 19.60 26.16 32.73 39.32 45.92 52.54 65.82 
40 0.61 3.68 6.13 12.27 18.42 24.59 30.77 36.96 43.16 49.38 61.85 
45 0.56 3.35 5.59 11.19 16.80 22.41 28.05 33.69 39.34 45.01 56.37 
50 0.54 3.23 5.39 10.79 16.20 21.61 27.04 32.47 37.91 43.35 54.27 
55 0.49 2.92 4.90 9.72 14.59 19.47 24.35 29.23 34.12 39.01 48.81 
60 4.56 9.12 13.68 18.24 22.80 27.36 31.92 36.48 45.60 




0.48 0.58 0.63 0.77 0.87 1.03 1.11 1.24 1.36 1.51 1.69 1.90 2.19 
T(g・cm) 2.9 4.5 5.8 8.5 10.3 13.1 13.7 17.0 19.1 21.5 24.7 28.4 34.0 
致する位置では巻線が短絡される。また電流の大きさについては界磁石の軸を境界にして一方






































荷電流を 1(A)，損失ト lレクを To(g一cm)，全有効トルクを T(g一cm)とすれば
T=KNI-T.。
ここで K は比例定数を表わし，ti = 0および θzπ13における磁束を Oo(Wb)および o!_(Wb) 
とすれば (6)式より
となり
1 1 ，J 1 r' dO ". 1 ('π dO ，.. 2I ('， dO ，，¥ T==一一・一一一 .N(一¥←ー"dti+~ ¥ __':'一一 dd十一~Á ¥ 一一"，d(j) X 10' -T。・9.8π¥3 J 0 dti ~V I 3 J竺 dd ~V I 3 J~ dd ~V ) 
3 

























図-5において回転子極面半径九 (m)，回転子極面長さ L(m)，磁極面半径九 (m)，磁極面
と回転子極面との重なり角。 (rad)，空気の透磁率 μ(Wb/AT'm)，等価リラクタンス R(AT/
Wb)，等価ノマ戸ミアンス Pα(Wb/AT)とすれば，長さ drの微少部分の等価リラクタンス dRは
dr 1 dr 
dR=一一一 =一一一一μL(}r μL(} r 
R=~，r2 dr二 2.3，ら
ー . 一 一一
μLfI J
r1 








乙こで μ=1.257 X 10-6川Tb/AT.m)，L=9XlO-3(m)， r，=lOXlO-3(m)， r2=l1xlO-3(m)と
置けば
Pα= 1.188θX 10-7 ( 8) 
(2) 磁極面一回転子極面端部聞




















s= 4 S2r2(j πθ 一一一一山口- 1 -4 x l.22 J' 2" 
λ=ヂ=0.528 f1. r2 (j 図-7 磁極面端部一回転子極商端部間の等価ノマー ミアンス
ここでは)の μ，r2を用いて
Pc = 0.073 (j x 10-7 
(4) 磁極端面一回転子極面間







ワuLr dr 2.3X2J1L 
P「」7L7=ー 7[ーlog，






表-4 1極当りの等価パーミアンス (単位X10-7 WbjAT) 
日刊ド140:叫140:50011140:叩
。1.843 1.284 0.820 2.095 1.244 0.949 0.656 
5 1.843 1.284 0.820 2.100 1.474 1 55 1.129 0.849 0.575 1.035 i 0.686 
10 1.843 1.284 0.820 2.022 1.453 60 1.010 0.732 0.478 0.920 1 0.569 
15 1.843 1.284 0.820 1.935 1.424 65 0.895 。‘616 0.383 0.802 i 0.454 
20 1.783 1.284 0.820 1.840 1.384 70 0.780 0.499 0.267 0.686 0.336 
25 1.726 1.284 0.820 1.733 1.324 75 0.662 0.383 。 0.574 0.220 
30 1.651 1.224 0.820 1.617 1.268 80 0.546 0.267 。 0.454 。
35 1.563 1.154 0.820 1.500 1.151 。 。 0.336 。
40 1.467 1.122 0.820 90 1 0.313 。 。 0.220 。
45 1.360 1.040 0.749 1.268 1 0.920 
(112) 
7 イクロ・モータの磁気回路の理論的解析について 113 
実際に回転子各極と界磁石聞の空げきの等価ノ-;:~ミアンスは回転子の位置による両者の重
なり角。によって決定するものであり，その位置における各部の等価ノ-;:~ミアンス Pa ， Pb， 
PC， Prlの並列回路のパ戸ミアンスとして求められる。
供試機の固定子極と回転子極の占める中心角は 1140 :740であり，この他に 1140:500ヲ
1140: 300， 900: 900， 500: 1000のように中心角の種々異なる場合について，(8)-(11)式の関係を






転子極 1，2， 3の等価ノマ{ミアンスを Pp P" P3 とし，合成等価ノ-;:~ミアンスを P， 回転子極
1の磁束をの1 とすれば















/ ¥ P1+P2 ' P，) P1+P2+P， 
分流磁束はリラクタンスに逆比例するから
(3) 
1 1(1 ，1¥ ，_ P，P， 











図 12のように他の 1極が両界磁極に対向し， 2極がそれぞれ一方の界磁極に対向する場
回転子極2の両界磁極に対向する部分の等価パーミアンスを九，P~ とすれば
図-11 1極が両界磁極!C対向する場合
P=l/(~ 十 ~) = !:1(Pi十月一 一一一I ¥P1 ' P~+P， J P， +P~+P， 
図 12















































0.980 0.644 50 0.593 
0.980 0.643 55 0.538 
0.963 0.635 60 0.482 
0.944 0.625 65 0.427 
0.919 0.592 70 0.372 
0.892 0.616 75 0.316 
0.860 0.626 80 0.256 
0.728 0.616 85 0.199 















0.309 0.603 0.450 
0.265 0.552 0.387 
0.221 0.490 0.322 
0.177 0.428 0.256 
0.126 0.359 0.188 。 0.294 0.122 。 0.227 。。 0.163 。。 0.070 。
40 60 80 
0( (0) 
















































































(4) 固定子極および回転子極の占める中心角の和は 1800 以下で乙れに近い値が良く，ま
た両者の差の小なる程磁束量は増大し， トルクも大となる。 (昭和40年4月30日受理)
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A Study of the Method of Controlling Speed 
of Synchronousお1otor
Tadanori Zusho， Osamu Kondo 
Abstract 
The torque and the mechanical power output of a synchronous motor can be produced only 
when the m， m，f waves of rotor and stator are stationary with respect to one another. This con-
dition is true for the motor not only when it runs at synchronous speed， but the stator runs back-
wards or forwards with any speed. 
On the basis of the fact mentioned above， the writers established the analytical equations be-
tween those revolving stator and rotor theoreticaly， and developed a new method of speed control 
on the synchronous motor in this paper. That is to say; instead of a bandbrake“Supersynchronous 
Motor"， A， C or D， C generator is mechanically coupled on the stator; thus， the mechanical power 
produced by the stator， through the generator， istransformed into electrical energy， which can be 
fed back to another motor mechanicaly coupled with the rotor. 
Theoretical investigations lead us to the conclusion that this new method has some important 
characteristics， which are briefly stated as follows; 
a. The starting condition， the starting torque， pull-out torque are improved， and the speed is 
changeable from 0 to 2 no・
b. This is more capable and powerful than any other methods such as Schrbius drive， Kramer 























止軸に対して ω。一ω.，なる角速度で回転する。 ここで ω。は同期速度に対する角速度であり叫
は固定子の静止軸に対する角速度である。 更に回転子が静止軸に対して固定子と逆方向に叫
なる角速度で回転し且同期状態にあるとすれば








ノレクが作用する。固定子，回転子のト jレクを夫々'f8~ T." としそのときの出力を P.，Pγ とすれば
p.=τs的 . Pr =τT叫T
又此の時の電動機の出力は
Po = 1九十Pr (2) 
であり電動機の内部相差角が一定であれば回転子発生トノレクはその回転数に無関係で一定で、あ
り出力についても同様である。従って回転子角速度が ω。に等しいとおくと
Po=τγω。 (3 ) 
となり結局 τγω0-τsω8十τ，ωア




Tr =立 {eSe'1 叫 (5 ) 
をそのまま適用し得る。










図について説明すると主電動機固定子と補 図 1 系の構成及びエネノレギー の流れ
助発電機回転子は，機械的に連結され補助発電機は固定子出力 P8 を全部吸収し，此れを電気
的エネlレギーに変換し，その 1部 sP8を主電動機回転子と直結されている補助電動機に送る。
補助電動機の出力は回転子出力に加わる，即ち九の 1部が正帰還される。 PSの残り (1-s)λは
tにより電源に回生されるか又は消費させられる。各部の損失は簡単のためOとし，更に比の








Pm =sP8ニOよって PI=Pγ+P明 =Pr
τγニτzニ一定 (γδ;一定) ( 6) 
即ち δ;一定，s=Oの条件下では回転子の合成速度トノレク特性は速度に無関係に一定で定ト
ルク特性を示す(図 2，1線)。比の場合の固定子出力は叫の変化に対して




(i) /3 = 1 
此の場合は新速度制御方式に於ける理銀的な条件となる
'rω8 = Ps = p，明=て哨ωTよって τ叫 =τrω./ωr
τz=τγ+いじ(1+:;)=7f (8 ) 
系の速度トノレク特性は叫に逆比例する定出力特性を示す(図-2I線)。
(ii) 0く8く1
。P.=/3τ，οu. = Pm =τ明ωTから τ明 =(j'rω8/ωγ 
従って
τ1 = 'r+'明=，，(1+ケ)=τr{(1-/3)+/3::} 


























































































するときのトルク即ち起動ト lレクは (10)式に於いて叫=0のときの τzが起動トルクを表わ











































可=布。 {~f+(l ー可，f) ωJω。} (15) 
(15)式は Pzの形と同様であり図-4に於いて PzlP，。を可/布。でおきかへれば布。 =1とした場合の
系の速度対効率特性を図示することになる。
5. 系の時性 (11)













万，f(ωdωγー 1)r明ご f川明、』哨 J 、 (，+Kωγ) (17) 
(125) 
126 図所忠則・近藤修














日1 日2 日3 04 0.5 0.6 0.7 0.8 09 10 
回転子速度 ω%。















1， l jf= 0.5 
I )1"03 I 
'Pt)f"O.1 
一一」→一ーー←i一一ー←-'一一--"'~切合一一一J
Uヨ()<I 05 0.6 0.7 0.8 0.9 1.0 
回転子速度 wt/co 








叫の増加，わの減少は何れも P。の増加となり δが増加する。 円筒型回転子の場合(5)に




es e'r 三~ Wrα】。τ一一z ~山リ (1一号)ωγ+めω。 (21) 























dP8/d叫 =0を満足する叫となる。 P8式を ωγ で微分し整理すると
-2K(1一号)ωアー {Kω。 (4わ-1)+(1 一わ)-r}ω;2-2叫ω。 (-r -Kω。)ω:.+号ω~ -r = 0 
(23) 
ここで τ/K，ω。=xとおけば
-2(1 ー可f) ω~3_{(4わ--1)+(1 一号)x}ω。ω;2-2叫(x-1)ωiω:十守'fXω~ = 0 (24) 
となる。却ち (24)式に於いてOくばくω。を満足する実数根が P8 の最大値を与える回転子角速
















此の場合は (24)式を zで徐して z→∞を代入すれば























































表 1 最大固定出力を与える回転子角速度 (ωよ){叫/ω。}
》とl 。 0.5 1.0 2.0 5.0 co 
1.0 0.67 0.610 0.580 0.550 0.522 0.50 
0.7 0.642 0.572 0.537 0.506 0.477 0.456 
0.5 0.620 0.539 0.50 0.466 0.437 0.416 
0.3 0.585 0.489 0.445 0.406 0.376 0.354 
0.1 0.567 0.398 0.321 0.2日36 0.259 0.240 。 0.50 0.25 。
表-2 最大国定出力(九max){P8max/ω。(t十KωJ
Vξ，1 。 0.5 1.0 2.0 5.0 。
1.0 0.148 0.176 0.193 0.210 0.230 0.250 
0.7 0.166 0.201 0.222 0.245 0.267 0.296 
0.5 0.180 0.224 0.250 0.279 0.310 0.344 
0.3 0.201 0.257 0.295 0.331 0.373 0.418 
0.1 0.228 0.312 0.371 0.435 0.504 0.577 。 0.250 0.375 






















可f 。 0.1 0.3 0.5 0.7 1.0 
ω~/ω。 0.667 0.682 0.705 0.721 0.733 0.75 






































































P，='rl 一 ω。一(1一万b)叫 Pn'一ー .，αJ 一 、


































D 可b(ωpー ω。) T> 


































~t (宏)-g~ =0 (40) (δi :δ8，δγ) 
より系の運動方程式が求められる。
今固定子が回転磁界と逆方向に ω8十dω8，回転子が回転磁界と同方向に叫+.d叫に加速さ
れたとする(但し ω。=的+ωr)。然るとき回転磁界と回転子聞の相対的角速度 dω は
Aω = .dω8十AωT
となり更に ω= do/dtであるから結局
dδdδ8 ， d，δT 
dt dt' dt (41) 
F竺生一空当金




ir dt' - ao (43) 
となり更に
d'δ(1 ，1¥aU(δ) 1θU(δ) 
一一(δ+ム)=一一=トー+一)一一一ーニ一一一一dt' -¥ 1. ' 1r) θδ 1 ao (44) 
乙とで、
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Rheology of 6-Nylon using the Parallel Plate Plastometer 
Fujio Komatsu 
Abstract 
It is the most important to study the rheology of polymeric materials in order for us to use such 
as chemical plant materials. By the extension of the Dienes equation， the present writer measured. 
at the same time， the elasticity， viscoelasticity， viscosity，' delayed time and deformation portion of 
high polyamide， 6-nylon at low rates of shear， using a parallel plate plastometer. The measurement 
was based on a mathematical criterion for separating the viscous portion of the deformation from 
the elastic and delayeded elastic components. Expetimentally， the plate separation was measured at 
a given temperature as a function of time 
From the experimental data， internal viscosity '12 in viscoelastic element， and external viscosity 
'13 in pure viscous flow were increased with the degree of polymerization of 6-nylon and Log 
viscosity varied linearly in accordance with the reciprocal of absolute temperature. 
Elasticity E， inpure elastic portion was increased， and elasticity E2 in viscoelastic element was 
shown to become maximum value， as applied load was large. 
Log delayed time varied linearly with the reciprocal of absolute temperature， and the degree of 
the polymerization， but， atlow temperature， for molding of 6-nylon dissimilarly， the above relation 
was not held; furthermore， itwas recognized that the effect of delayed time for applied load was 
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n = 150-250 
当研究室製のものは， 低重合体のものが主で，n = 150-250である。会社製のものは，
主として高重合体のもので， 300， 600， 900の重合度のものである。 乙れらの重合度測定は，
25SCで95%H2SO.溶液を溶媒として，固有粘度[可]を求め， Flory， Schaefgenの式pm=

























(OC) (OC) I (kg) 
[重合度 i成一一金型温度|荷重
(OC) I (kg) 
220-235 260 1 
試 250 210-228 260 1 試 300 240 室温 220 
料 300 210-228 260 1 料
(1) 600 210-220 260 1 (2) 900 240 室温 220 
9α) 205-218 260 1 
11-4 実験方法
重合度 150-900の範囲のもの 5種類を円柱形に金型成型し， 平均直径1.376cm， 高さ
1.376 cmの寸法にしたものが試料として使用される。乙れを parallelplate plastometerに入れ
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一一一一ー時間 Chrl














図-8 試料 (2)の重合度 900における時間に対する変形%











試料 (1)について，重合度が 150，250， 600， 900の場合における変形%と時間との関係は
図-3，図-4，図-5，図 6に示される。









図一7では，試料 (2)の成型加工のものは，重合度900において， 180oC， 20 kgの条件で，
15時間目に，又図-8では，試料(2)の成型加工のものは，重合度900において， 180oC， 60 kg 
の条件で， 10時間目に，外部粘性を示し始める。 ζの始点が，変形%又は 1/h4を時間に対し
て plotしでも，一致して現われる。従って， その他の条件下においても同様な事が云える。
ここでは，重合度の代表的例として， 900， 300の場合を纏めてみた。すなわち，試料 (2)，
重合度900，180
o
C-20 kgの条件で， 17時間目に，試料(2)，重合度300のものは， 180oC-20 kg， 
180
o



























IOo- 10 15 10 14(日)
一ー一一--時 間 (hr) 
試料 (2)の重合度 300における時聞に対する変形%






1.00 5 10 1'5 20 一ー すTtγ一一一つu
ー一一一ー時 間(hrl 
図-11 試料 (2)の重合度 300における時間R:対する変形%



















図-12 試料 (2)の重合度 300における時間に対する変形%
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* Stefans equation !とより
ρ4ー +ρV.J7v= -J7p十W2u+iw-FUriV 
dt 
V: velocity vector 
ρ: density 
非圧縮体， velocityが小では，
J7v = 0， J7v.v:::::O 
riV 







・一二一十甲J72vo=ρ一一-r dO . . dt 
dほう riV. 







日引 月札 月Vrニーニ 0_~一一《一一ι
dO ~， dr " dz 
定常状態では
dVr = 0 
dt 
dp _ d2vr 
dr . dz2 
Vr=O (z二 0，zニhのとき)
1 dp =・←:._(z-h) z 2守 d1
unit area lengthの form!とすると，
I'h flh 







(2) 非圧縮物質である ζ と。
小松藤男
(3) 叫に対し，vz=O， vo=O， hの減少は遅いこと。










可=8.21 X 106 • W/m V2 
(F→W(kg)→dyneに直す)





-dr.r.dfJ dhjdt = ojor [r-dfJ・U]dr
Uを(7)に代入すると，
(12hjh') (dhjdt) t= ojor (r・3ρjor)
(8)を積分すると
pニ (3マjh3)(dhjdt) r2十c'1nr+c
f ニ O→ρ→∞， c1 = 0， 
r= R→ρ→H 人 c= ]] -(3甲jh3)(dhjdt) R2 
Pニー (31Jjh3)(dhjdt) (R2_r2)十万
上下の全力は釣合い


















K(l/h') = 1/E1 + l/Ez[l-exp (-t/t)] + (1/'13) t 
~ "-ーーーー--.--一~ 一一}
開性部分 粘弾性部分 粘性部分
l/Kニ 8πF/3V2 l/h4 
cm-4 
K ニ 3V"/8πF
= P x 10-6/8.21 W 


















ABの延長が l/h'の軸との交りの点を Iとすれば， COは純弾性を示す
部分となる。









延時聞は，粘弾性の変形部分 D = Do/eのときの時間

















































一一一一月ー 粘ー 性 η2.X 1012 poise 




←一一一ー弾性~ E， X 1010 dyne!Iω 



























図 20 試料 (2)の重合度900における荷重W と
弾性率五，E2との関係
(150) 
6ー ナイロンの定荷重変形誠験(レオロジー)について 151 
重合度において，弾性率五がE2と同様の Maximumな値を示し，純弾性を 40kg以上の荷重
では示さなくなると考えられる。 E2は，低重合体と同様，40kgの荷重において， Maximum 
な値を示す。従って，重合度が900以上の増大では，E，はE2と同様， ある荷重下において，





図-21は， 30kg荷重下における 200C，700Cの場合であるが， 60kg以下の荷重では，ほ
ぼ，この関係は満足するので，省略する。
τ=Aexp (PE/I干丁)
A = 10' E = 0.695 
P=150 U，日=104.3 Gal/mol 
P = 600 U6，=41 T Gal/mol 
p詰 900 U.剛=625 Cal/mol 
OK 10 10 30 40 50 90 
一一一ー重合度 ρ
















10 (180'0) (140'C) 1.5仔O'C) 30 (50・C)
一一一一ー (11ア)X 10-3 
図-22 60kg荷重下の各種重合度における遅延時間zと温度との関係
図21，図22における遅延時間 τと重合度ρおよび温度 Tとの関係、から，低温部を除き， また
離型剤の影響を除けば
T = Aexp (pe/RT) 
= Aexp (U/RT) 
A: Constant 
p: 重合度
R: Gas Constant 








U1SOニ 104.3caljmol p = 150についての内部エネルギー
U600
エ 417.0calJmol ρ= 600についての内部エネノレギ-
U900 = 625.0 calJmol p = 900についての内部エネルギー


































I (DC) I (kg) (s巴c)
20 30 40 
20 60 15 
50 20 60 
50 40 15 
50 40 165 
50 60 80判
70 30 110 
70 60 100判
50 20 165 
50 60 120 
70 30 160 
J 
70 60 60 
180 20 1959 
180 60 702 
50 40 165 
50 60 105 
20 30 1印
20 60 75柑
50 20 220 
50 60 210*2 
70 30 135 
70 60 90 
180 40 1442 










1) Bouveault: Bull. Soc. chim.， [4]， 3， 123. 
鶴岡・小林・松谷・ ヱイ七， 62， 1616 (1959). 
P. H. Hermans et al.: J. Polymer Sci.， 30， 81 (1958) 
F. Wiloth: Z. Physik chem. N. F.， 11， 78 (1957)， 10，乱1it
H. Klare: Technologie und chemie der Synthetischen Fasern aus Polyamide， V. E. B. Verlag 
Technik， Berlin (1948)， p.88. 
2) Schmidt: Mod. Plastics， 1948， Mar. 125. 
P. D. Co妊manet al.: ]. Polymer Sci.， 2， 306 (1947). 
V. S. Vanyuskina et al.: Khim Prom.， 1958， 215. Chem. Abstr.， 53， 1111 (1959) 
3) T. P. Verma et al.: J. Sci. Ind. Research， 8B， 183. 
福本: 東レ集， 10， 76 (1955). 
R. Paul et al.: Compt. rend， 230， 1185 (1950) 
B. C. L. Weeden: Quart， Rev. Chem. Soc目， 6， 380 (1952). 
4) R. Aelion: Am. Chim.， 3， 5 (1948). 
R. Aelion: Fibers， 1956， 79. 
5) W. E. Catlin et al.: J. Polymer. Sci.， 2， 412 (1947). 
H， Ludewig: Faser forsch， u.Textil techn.， 5， 171 (1954). F， P. 956， 532. 
6) W， E. Catlin et al.: J. Polymer. Sci.， 2， 412 (1947). 
7) 6)と同じ.
8) A. P.: 2， 638， 463; 2， 739， 959. 
9) R. L. Kenyon: Ind Eng. Chem.， 42， 1446 (1950). 
10) A. P.; 2， 163， 636; 2， 321， 551. 
太田・手塚: ヱ化， 57， 641， 723， 725 (1954). 
C. Bawn et al.: Disc. Faraday Soc.， 10， 290 (1951) 
1) 伊藤昌寿・他: 日本化学会第 18年会講演要旨集， p. 591. 
12) G. J. Dienes， H. F. Klemm: J. of Applied. Physics. 17， 458 (1946). 
G. W. Scott. Blair; Ind. Eng. chem.， 37， 255 (1945) 
13)鶴田基弘: プラスチックス材料講座，ポリアマイド， p. 37. 
14) J. R. Schaefgen， P.1 Flory: J. Amer. Chem. Soc.， 70， 2709 (1948). 
鶴岡: プラスチックス材料講座，ポリアマイド， p. 115. 
15司)瓦M.J. St犯ef臼an: Akad. Wiss.羽Wi託en.Ma剖th






Numerical Expression of the Particle Size Distribution and 
the Effect of an Addtive in Crystalizing of 
Di-hydarted Calcium Sulphate 
Ken-ichi Mukaida， Takao Takeuchi， Hajime Kimura 
and Takayasu Shirasaki 
Abstract 
The particle size distribution (Iength and width) of the crystals of di-hydrated calcium sulphate 
which were deposited at 500C from the super saturated soltion containing certain amounts.of addi-
tive [(NaPU3)n] was measured by the microscopic observaion_ 
These distributions were expressed by the log-normal distribution function or Griffith's distribu-
tion function_ The obtained results were as follows: 
(1) The particle size disribution was well expressed by the above two mathematical functions 
(2) The e妊ectof the additive was numericaly indicated by only two parameters involved in 
these function equations 
(3) Judging from the statistical method (χえtestand KOITMOrOpOB test)， itwas made clear that 


































結品粒の形は， Fig. 1 (a)に示すように，ほぼかどのとれた角柱状ないし板状の菱形をして




Fig. 1. Crystal shape of deposited 
dihydrated cacilum sulphate 
(a) and its projection (b) 
なお細形の針状結晶では，一定方向の短径のみを計測することが困難であった。
Table 1. Sample number and the amounts of 
the additive ([NaP03)η] 
Sample No. 1 2 3 4 5 6 7 8 9 …of addit討 ト附l一回l 0.5 I 。 l 2 4 8 added (gIs) 
* ガラス状ポリメタリン酸ナトリウムは炭酸ナトリウムとリン酸からえられた第 lリン酸ナトリウムを再
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Particle size distribution histograms on a semi-Iog 
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プロットしてみると， Fig.4のように，ほぼ平行な直線群がえられる。 したがって， Fig.3の
分布は，いずれも対数標準偏差 logdが一定の対数正規分布であるとみられよう。
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Fig. 4. Log-normal distribution plots of some measured 








。lnf(x) B C 






N (i:) _ f(x) _ Ó)C~.._ ( 2_¥ 
百百五了二 f(2c了二中 <:11.1'"-c) (5 ) 







Table 2. Parameters B and 
C involved in Gri伍th's
equatlOn 
Parameters 
run No. B C 
⑨-l 283 5.92 
(j)-l 283 5.92 
⑨-a 51.7 5.92 
② d 14.8 5.92 
① d 11.8 5.92 
図の上から実測分布はいずれも対数正規分布および Gri伍th分布の両方に適合しているよ






Table 3. Judgment by the conformity tests of histograms for calculation 
curves (from Log-normal distribution function and Gri伍th's
distribution function). 0; conform X; unconform 
工己蚕h石正面五I函tribut函nfunction Grifiith's distribution function 
χ2 Ko x2 K。
② d × × × × 
⑨-a 。 。 × × 
①-l 。 。 。 × 
⑨-l 。 。 × 。
K法では，理論分布の累積分布関数 F(x)とN個のデ戸タからえられる実測分布の累積分
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log lの 1れIρJれ β[1円(X1九02)) グループ F， 
① 0.8~ 1.0 。。。 。
② 1.0~ 1.2 3.5 2 0.66 1.5 
③1.2~ 1.4 10.0 12 -0.5 
ヘミ
④1.4~ 1.6 21.0 18 0.43 2.5 も
⑤1.6~ 1.8 30.0 31 0.03 ~ 1.55 1.5 
¥ 。
⑤1.8~2.0 23.0 27 0.69 -2.5 
⑦ 2.0~2.2 9.0 9 。 2.5 
⑧ 2.2，.;，2.4 2.5 。1.00 。
⑨ 2.4 ~2.6 。。。 。
max 0.025 






ム「① O~ 20 ② 20~ 40 - 5 
③ 40~ 60 133.11 33 
④ 60~ 80 121.41 13 
⑤ 80~ 100 112.61 10 
⑥100~ 120 1 6.81 7 
⑦120~ 140 1 3.81 3 

































2 3 4 5 6ワ 8
CO/7ιof additive (f!-/L) 
Fig. 5. Parameters log m and log d V.s. 






Conc. 01 additille (寄付)
Fig. 6. Parameters B and C vふ conc.of additive 
f同二三L位 p(-与)







よる変化を図示すれば Fig.5(対数正規分布関数表示の場合)， Fig. 6 (Gri伍th分布関数表示の


















Oxidation of 3-Acetoxy and 3ふ1ethoxycyclopentene
with Monoperphthalic Acid 
Noboru Takeno and Mutuo Morita 
Abstract 
Reacting to monoperphthalic acid 3-AcetoxycycJopentene gives the expected epoxide. In the 
case of 3-methoxycycJopentene， however， the carbonyl-containing by-product was detected by inspec勾
tion of infrared spectrum， in addition to the expected epoxide. The rate studies in dioxane solution 
revealed the second order kinetics in both the reactants. The rection rate constant at 400 and energy 
of activation was obtained 2.39x10-4 s/mol. sec.， 19.09 Kcal. with 3-acetoxycyclopentene and 6.67x 













II-1-A 3ー アセトキシおよび 3ー メトキシシクロペンテン








[1]の物理定数は B.P45.3-45SC/10 mm Hg， n;] 1.4484， d!' 1.002 (文献値3)B.P 480C/ 
11 mm Hg， n}j' 1.4480， d!O 1.007)， [I]は B.P105-1060C， n}j' 1.4380， d!O 0.8934 (文献値3)B.P
























3-アセトキシおよび 3ー メトキシシクロベンテンのモノ過フタノレ酸酸化 165 
ード滴定で測定する。この過酸の一定量を反応容器である 3口フラスコに移す。乙の過酸の移
し初めの点を反応開始点として，一定時間毎に 2ccをピペットで取り出し，過酸の消費量を測




3アセトキシシクロペンテン 22g (0.17 mol)と，モノ過フタ jレ酸35g (0.19 mol)との反応
から淡褐色の液体20gを得た。この蒸留により表-1の留分を得た。この表のエポキシ化合物
の含有量は相当するエポキシ化合物 2-Acetoxy-6-0xabicyclo 
[3: 1: 0]一ha羽田 [II]として計算した。赤外線吸収スペクトノレ










留分 沸点 。Cj2.5mmHg 収量?も nD 20 [ エポ%キ(Wシ川向T) 
(1) 30-59 
(2) 59-62 31 1.4497 76.1 
(3) 62-64 23 1.4505 84.8 
(4) 残i盗(褐色樹脂状)
3ー メトキシシクロペンテン 32g (0.34 mol)とモノ過フタノレ酸52.4g (0.29 mol)との反応か
ら，淡褐色の液体35gを得た。この蒸留により表-2の留分を得た。エポキシ化合物は 2-met-
hoxy-6-0xabicyclo [3 : 1 : O]-hexane [IV]として計算した。赤外線吸収スペクトノレでは，留分
(1)'"-'(6)に 3ー アセトキシシクロペンテンのエポキシドと同じ位置 845cm-1にエポキシ環の特性
吸収が認められ，OH基の吸収は認められない。留分 (1)-(4)にカノレボニJレ基の吸収は認めら
れないが，留分(5)(6)では 1，705cm-1に認められる。留分(5)0.5gを2-4-dinitro-phenylhydra-
zmeと一昼夜放置すると燈色の結晶を得る。 乙れをアノレコ~)レで 2 度再結品して， m.p.97-




留分 1百点。C/mmHg 収量 %1 ??? |エポキシ化合物% (W/W) 
(1) 32-420/22 2.0 1.4406 35.3 
(2) 42-520/22 5.2 1.4405 41.7 
(3) 54-5rj21 21.4 1.4410 62.3 
(4) 57 -600/21 13.5 1.4418 65.9 
(5) 60-700/21 6.1 1.4424 56.1 
(6) _630/4 2.8 1.4450 52.6 
(7) 残澄(褐色樹脂状) 42.0 
が，エポキシ生成時にエポキシドとフタ lレ酸との反応によってエポキシドがケトンに転移した
ものかどうかを検討した。留分 (4)1 gとフタ Jレ酸 0.1gをエー テノレ 50ccに加え， 30時間エー
テJレを煮沸還流して，後エーテJレを減圧下で留去し，クロロホlレムを加えフタ jレ酸をが別し，
クロロホ Jレムを減圧下で留去した。この操作を2度くり返えしてフタル酸を完全に除去すると
0.5 gの生成体を得た。 この赤外線吸収スペクト JレはカJレボニjレ基を示さず留分(4)の吸収と同























50 100 150 200 250 300 
一土
図-2 (3-acetoxycyclopentene); tと
1 . b 似-x)一一一ln-=-~-; --~との関係a-b >U a (b-x) 
50 100 150 200 250 300 
ゐー土
図-3 (3-methoxycyclopentene); tと
1 L b (a-x) 
一一一ln-:-7ττγ との関係a-b >U a (b-x) 
(166) 
3-アセトキシおよび 3ー メトキシシクロペ Yテンのモノ過フタル酸酸化 167 
クロペンテンは 330，380， 430， 50.50Cの温度で測定した。モノ過フタ Jレ酸の消費量より 2次反
応の積分形速度式(1)を用いて，tに対して右辺をプロットすると図-2，3を得る。
kt = _1. ln l'_ Jα-x) 一一a-b "" a (b-x) (1 ) 
尚， (1)式で αはモノ過フタ jレ酸の初濃度，bは 3ー アセトキシおよび 3ー メトキシシクロペンテ
ンの初濃度，xは反応時間 tにおけるモノ過フタノレ酸の消費量である。図-2，3に見られるよう
に優れた直線関係を示し，明らかに 2;欠反応に従うと見倣される。 S.L. Fries等8)は過安息香
肢による酸化では生成される安息香酸が接触作用を示すことを認めたが，著者等の表題の反応
においては，生成されるフタ Jレ酸による接触反応は認められない。表-3は式(1)により，速度
定数を求めた結果を示す。 この結果より， log kの l/Tに対する変化は図 4のようである。



















lMmofiい (Kcal) logA 
3-セアトキシシクロベンテン




8.707 x 10-4 
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Some methods， such as Hardy Cross method and a good many other methods obtained from 
the improvement of it， have so far been used to culculate the discharge of pipe networks. 
In this paper the auther led the correlate normal equations and the formulas to五ndthe corrected 
discharge by applying the method of least s司uares，and found a method to make these equations 
and formulas mechanically as the result of examinating these. 
Moreover， he used a digital computor to resolve correlate， and compared the outcome of this 


















r: 流水抵抗で、管内の平均流j奉公式として Hazen以Tilliams公式を用い， 管の内怪




























に対するコリレ戸トをそれぞれ K"K" K" K，とし最小二乗法の原理により
i r h， ， • h 一一 1 W = [p(.:1q)']-2K1Inj:;?-(.:1q什'!-(.:1q，)一主主(dq2)-h(dq3HW1l)L l q， ~.. q， q， • ~". q，' ~". . .1)
一→2江坑叫Kι，[ベ士(拘針什士(神d拘仏q仇6)-






h， h。ρ1 ームラ p，=←土，…
q， q2 
を代入すると補正流量を求める式は (2)式のようになる。すなわち
.:1q， =nK" .:1q2= -nK" .:1q，=n (K，-K，) .:1q，ニ n(K，-K，)
.:1q5=nK" .:1q6=nK2， .:1q，=n (K，-K2)， .:1qB=n (K，-K2)， 









表 1のコリレ{ト正規方程式から Kの値を求め，これを (2)式に代入すれば .:1qが求めら
表 1 コリレート正規万程式
左 辺
種別 コ レ ト 右辺
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On Finite Fourier Sine Series with 
Respect to Finite Di征erences
Sumio G. Nomachi 
Abstract 
The solution of linear Finite Difference Eqaution which is defined for only五nitenumber of 
points， can be expressed by Finite Sine Series with the same number of terms. 
In this paper， the othoganality of the五nitesequence of sine function is五rstgiven， and several 
functions which represent the summations regarding the五nitesequences of sine function， are intro-
duced from a五nitesequence of complex exponential function. The corresponding Finite Di任erence
Equations and their Green Functions， which appear in the structural problems， are discussed. 
1. Introduction 
The Finite Difference Equation has often been encountered and will surely be 
so on the五eldof engineering analysis. Many analitical methods have been found 
in solving it， and George Boole') must be enumarated as the one jwho had五rst
carried out a thorough discussion of the basic principles of the subject， covering 
nearly al the major theorems and methods with clarity and rigor. It was however 
not long before that a kind of Finite Fourier Transforms were applied to the analysis 
of Finite Fourier Transforms were applied to the analysis of Finite Difference E-
quation by Ferras2). Considering出atFourier Transforms plays an improtant part 
in the engineering mathematics， this concept may be extended to Finite Di旺erence
Equation. 
Let then L1， prefixed to the expression of any function of x， denote the operation 
of taking the increament of that function corresponding to a given constant increa-
ment L1x of the variable x. Then representing the proposal function of x by F"， 
we have 
L1Fx = Fx叫髭-Fx (1) 
and 
L1Fx Fx十比一Fx
L1x - L1x (2) 
which apparently coinside with dFfdx for the limit L1x→o. 
Then， assuming L1x = 1， 
L1Fx = FX+I-FX. (3) 
The operation denoted by L1 is able to be repeated. For the difference of a 
function of x， being itself a function of x， issubject to operations of the same kind. 
L1L1F誕 =L12Fx 
(187) 




L1L1n-1Fx = L1nF"， 
which can be written as 
L1n凡 =L1n-1Fx+1-L1n-l凡 =F"，+n一ηC1F"，十η l+nCz凡十n-2+・
+ (_l)n-l nCn-l凡+1十(-ltF"， ・ (4) 
The inverse operation of五nitedi旺erenceis called as the五niteIntegration which 
is usually expressed by: 
if 
L1Y(.エ:)= FxL1x 
SFxL1x = Y (x)十P(x)， (5) 
Therefore， the definite in which P (x) is a periodic function by the interval L1x. 
Finite Integration may be written as 
(6) Y(b)-Y(α) = I; FxL1x. ? ????
??
?
Othogonality of Sine Fuction with 
Respect to Finite Differences 
2. 
If x is a variable defined only for integer from zero to n， any function including 
x makes sense only when x takes the prescribed integer. Let now 
;':.刀Zπx rπZ S sin←一一 sin_._._-:_ L1x = 1 
o n n 
where m， r= 1， 2， 3，・"， n. 
By taking L1x=l， 
1 = ~ s r∞s主主坐三丘一∞sπx(m+rLlL1x 





_l_J~ln π(m-r) f π(m-r) i _~~~ _I~ __¥ _j_ ~~~ _I~， _j_J 41 ~...; ，. .I 1+ cos一 τI-COSπ(m-r)+cosπ(m+r)1 
Lm云(m-r)、.- .1 ..J 
(188) 










-ノ n-l 相'押q 、
~ ~~n o (m) sinラニ =f(x)
Hγperbolic Functions 3. 
(8) 







? ? ? ? ?
? ?2ピ(一げsm守山守主
nro2(1-mZ1)+え
where 2 cosh α=2+λand m=l， 2， 3，・"，n.
By letting Ax = 1 
Q ~.._ f~， ， ，: mπ| 匁ー，~~_ J~， L': mπ1 ? exp lα+ZnjX・Ax=平explα+znfx 
(9) 
1-exp {αn十zmπ}
f ~， _j_ ，;_'!:π1 . 
1-exp lα+Z一元 J
the right hand side of which leads to 
午1~.._ f~， ， ，:竺~l 市今JCAPlUTl n Jι ー
(10) 
The real and imaginary parts of (9) yield 
eα-e山。一cosケ(1一(_l)"'ean) Re[~: exp {x(α+iぞ)}]= 2coshα~2cos 竺竺n 








2cosh α-2cos n 
S: G. NOMACHI 190 
Subtraction (12) from (11) becomes 
21.仰 Zsinh αz・sln-τ一=(_1)'" . _ _ 
x=o ，ι 
一 2cosh αー 2cos三三二
n 













which is by Formulas (7) transformed irito 
2 ';:' ¥-1)%inTsin今三
n，;-;o 2 (1;ー cos竺竺)+A














Replacement of x by n -x， produces 
mπ mπx 
2主二1 sln一一-sln-一一一一←:' n n 
"，~o 2 (l-cos竺竺 )+A
¥ n / 
In Case of a Comple玄 Variablefor λa 









on the other hand the conformal mapping between (c・万)and (仰)planes， reveals 
(17) 
?
? ? ? ? ? ? ?
? ，







excluding η=0 line. 
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1_ 1. mπ¥ 1 
2じ (-1)寸2い-cos-"~' ) + ~j mπ mn:x 
n~l:n( 〆 、 ‘-2---sm一一一sm-一一一ー
か o b (1一cos竺竺)+ e!+1)2 n n 
I ¥ n / -J • 
ー竺主主(n-x)・∞sr (n+x)-cosh s (n+x) cos r (n-x) 
一 cosh刃n-cos2rn 一一 (18) 
1+ドo，f>Oa吋 1+ドo，f<o，zキn
I~ (_ mπ¥ _1 
2U(ー 1)「2(1-∞s .~. ) + ~j.mπ mn:x 
n，と。 {2(1一cos字)イ+ザ sm7m n 一一一
一(_l)n+xcosh s (n-x)・cosr (n+x)ー (-1)勾 xcosh s (n +x)・cosr(n-x) 
cosh 2sn-cos 2rn 
1+ド0，i >0 and す<0，xキn
2 '!-=，' 2 ¥1一cosFE)+ご¥ n / mn: mn:x 
τ 2.;-1-つ ←、、-2--sm--sm 
月日 ~2 (l-cos 竺竺)+さ~+1)2 n n 
I ¥ n / . J • 
-cosh sx・cosr (2n-x)+cosh s (2n-x)・cosrx 
cosh 2sn-cos 2rn 
時 0，1+ドoand件。
2 '!.:.' 2(1一∞s:n: ) +~ mn: mn:x 
-1.← 一-一一一一て吉一←ー -sm--Sln一一一一一-n _..0 1_ (_ mπ¥.1 n n 明~U :2 (l-cos一一一)+引 +η
1 ¥ n / . J • 
(ー-l)Xcosh金竺竺丘空三盆士(_l)Xcosh s (2n-x)・cosrx 





1n like manner， the imaginary parts of (14) and (15) are expressed by the formulas: 
for 
2午1 (-1)可 • mπ . mπz 
n m'-:o {2 ( 1ーC由子)十fj2+/ 十一
__L sinh s (n-x)・sinr (n + x)-sinh s (n + x)・sinr (n-x) 
ム cosh2snー cos2rn 
5 ザ 5η1+一一三0， ~ >0; 1+一二三0， ~ <0 2 '=v  2... V ， A' 2一， 2 
(191) 
(22) 
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respectively. 
2R1 (-1)可 2 SidEsin竺竺
::0 1 _ / _ mπ¥ .1- n n 
ド u :2 ( 1 一cos~) +E) +卸
I ¥ n / -I • 
一+)1二1)…sinhs(n-x)sin7(n+x)一(-l)n-Xsinhs(n+ x)-sin7 (n -x) 
cosh 2snー cos27n 
for 1十f豆0，1->0; 1+ド0，f<O 
respectively. 
for 
2 '!ー。 η mπ mπz
nム。 {2(的))2 守 sm--Sln---一 1 _ _ _ mrc ¥ ， ".1， 2 ~... n ~... n 
2 ( 1-cos一一← +さ + ¥ n 
_ -1~.inh sx-sin 7 (2n三畳二sinhs (2n-x) sin7 x 
一 +i cosh 2sn一cos27n 




7，-，-. ー 、-2 -Sln-一一-sm::0 1 _ ( _ mπ¥ .1- n n m~u 
: 2 ( 1-cos "~，， 1 +計十 η
l ¥ n / .， • 
_ -1..(-1)"' sinh sx-sin 7 (2n-x)ー (-l)Xsinhs (2n-x) sin 7x 
一 +i ∞sh2sn-cos 27n 
1十号豆0， ~ >0; 1+ド0， ~ <0 
respectively. 
5_ Formulas forヲ=0
The equation (16) is rewritten as 
ル↓釘+(1-Y-J(~Y+(す)2=2W
from which the limit when ηtends to zero， yields for the left side 
ljrN2+f)2十(きY
lim 2 cos→2-72 
"一歩
O
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lim T=--JLー ←円。イ~(4+~) ， lim sin 1 一一一二1)_~:~oJ. ~.u.L， - ~T(亙干扇 (26) 
Adding to it cosh s varies along η=0 line， with the variation of ~， as follows: 
s"""Islx(+1) for ~>O 
s，.Is xi for 0>~>-2 (27) 
s""πi-IsI xi for -2>~>-4 
s，-.Jπi-IsI x(十1) for -4>~. 
Substituting (26) into the formulas from (18) to (21)， and considering the re-









n ';-:0 2 ( 1-cos子)+~ 
cosh s (n-x)-cosh s (n+x) 
cosh 2sn-1 
~~O; xキn，
cos s (n-x)-cos s (n+x) 
-∞'s 2sn-1 
0~~~-2; xキn，
(_1)n-x cos s (n-x)一(-1)冗切coss (n+x) 
一 cos2sn-1 
-2 ミ;~~-4; xキn，
(_1)n-x cosh s (n-x)-( _1)n+x cosh s (n+x) 
cosh2sn-1 
-4 ミ;~;x キ n.
ηzπ mπZ 
2 SIn SIn-一一
主ニ1 J1 n 
nF02(1-mTF)+5 
cosh s (2n-x)-cosh sx 
cosh 2sn-1 
ç~O; xキ0，













S. G. NOMACHI 
(_l)X {cos s (2n-x)一C伺 sx}
cos 2sn-1 
-2 ミ;;~ミ -4;xキ 0 ，
忽 coshs(2n-x)-coshsx 
= (-1) 一一一一osh 2sn-1 
for -4 ミ;;~， xキ0，






n m~o b (1一cmmJ
I ¥ nノーl 
(n十x)sinh s (n-x)一(n-x)sinhs (n +x) 
イ言(4干三)(cosh2sn-1) 
~~O ， 
(n+x) sin s (n-x)-(n-x).sin s (n+x) 
.n存瓦)(cos2sn-1) 
0 ミ ~~-2 ，
泥 (n+x) sin s (n~x)一(n-x)sin s (n+x) =(一昨一一一 むこニLザlξ(4 十~) (cos 2sn-1) 
-2 孟 ~~-4 ，
一忽 (n+x)sinh s (n-x)一(n-x)sinh s (n十x)=一(-lrlfl証平副 (cosh2sn -1) 
-4 這~;
which， by puttin ~=O， are transformed into 
and 
2に 1(-1)拙 s1nケm今主
n，;:o b (l-cos生 )¥2
I ¥ n /1 
mπ mπニE





















x sin s (2n-x)一(2n-x)sin sx 
II宵王;)(cos2sn-1) 
。 ~ç 孟 -2 ，
in s (2n-x)一(2n-x)sin sx 
=ト町 一一一一.; c (4寸ム訂作os布n-1)
-2 ミ~ç 註 -4 ，




which， by putting c = 0， are transformed into 
mπ mπx 
2巴1S1n77 SInー 瓦 nx(n-x)(2n-x) 
ム~n . (ηJ.7r ¥2 - 6n2 件。
4(l-cos一一)¥ n I 
6. The Corresponding Green Functions 
If凡 isa function satisfying 
(0， (x =c) A2F~_ ， -).F~ = { 






then凡 maybe called Green Function with respect to the finite difference on the 
left hand side of (45). 
In order to apart F忽 onO<x<c from the one on c<x<n， F~ will represent 
the latter one. Thus， 
Fz =A詰ま 伊豆c)
-nhα(n-;-x) F~ = B -"'~i~hαn ~I (x~c) 
where 2coshα=).+2. 
The integration constant A and B are obainable by the condition of continuity 
that is 
Fc = F~ 
F:十I十FC-lー (2+)')F，σ=1， 
A sinh c=B sinh (n-c) 
(195) 
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A {sinhα(c-1)-si油 αc}-B {sinhα(n-c)-sinhα(n-c+ 1)} 
十Bsinhα(n-c)= si吐1αn，
from which 
B sinh αc 
一一一- sinh α ? ? ??
Consequently， the Green Function for L1'凡，-).F" can be written as 
( sinhα(n-c) sinh αz 
I -~"'~'~hα ・ Sl出 nα ， (x<c) 
F~ = < 
向 I si吐1αcsinhα(n-x) 
|-si凶 α・sinhm ，(z>c)
(46) 
On the other hand， ifthe equation (45) is solved by means of the finite Fourier 
Serise， 
宅二'= mπx F~ = J. F明 sm---，
四 Z士0..0 n (47) 
which being put into (45)， there follows 












Compare this with Formula (46)， obviously it can be concluded that 
mπx t sinh α(n-c)・sinhαz
2 '!.:.' sm -n--smヲ.'" I ~"";i~h~.~伽1α (x<c)
一、
n'::o 2 ( 1一COS47)+Alsink-!it(!?)(Oc)
If ). andα 訂 ecomplex numbers such as ). =ご+ゲ， α=s + ri， the real and 
imaginary p訂 tsof Formula 49 give other Green Funtions. 
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1 
(cosh 2s-cos 27) (cosh 2ns-cos 2n7) 
x [ {cosh s (c+ 1) cos r (c-1)-cosh s (c-1) cos r (c+ 1)} 
x {cosh s (2n-x) cos rx-cosh sx cos r (2n-x)} 
+ {sinh s (c+ 1) sin r (c-1)-sinh s (c-1) sin r (c+ 1)} 
x {sinh s (2n-x) sin rx-sinh sx sin r (2n-x)} ] 
1 
(cosh 2s-cos 27) (cosh 2ns-cos 2n7) 
x>c 
x [ {cosh s (x+ 1) cos r (x-1)-cosh s (x-1) cos r (x+ 1)} 
x {cosh s (2n-c) cos rc-cosh sc cos r (2n-c)} 
+ {sinh s (x+ 1) sin r (x-1)-sinh s (x-1) sin r (x+ 1)} 
x {sinh s (2n-c) sin rc-sinh sc.sin r (2n-c)} ] 
c>x， 
and the r叫 partfor 1十;<o，作0，yields 
口 b ( 1-cos ~1r i +~ 1 si己主主
'!::' l ¥ n / -I n mπz 
ニ2 、 I 、¥2 Sln 
1_ (_ mπ¥ _ r n 怖~O (2 ( 1一cos-一)+~~十鈴
I 刀/ -I 
(-1)σ+叩
(cosh 2s-cos 27) (cosh 2ns-cos 2nr) 
x [(-1)…{cosh s (c+ 1)cos r (c-1)一∞shs(c-1) cos r (c十1)}
x {cosh s (2n-x) cos rx一∞shsx cos r (2n-x)} 
+ {sinh s (c+ 1) sin r (c-1)-sinh s (c-1) sin r (c+ 1)} 
x {sinh s (2n-x) sin rx-sinh sx sin r (2n-x)} ] 
(-1)…+1 
(cosh，2s-cos 27) (cosh 2ns-cos 2n7) 
x>c 
x [ {cosh s (x+ 1) cos r (x-1)-cosh s (x-1) cos r (x+ 1)} 
x {cosh s (2n -c) cos r c -cosh sc cos r (2n -c) } 
+ {sinh s (x+ 1) sin r (x-1)-sinh s (x-1) sin r (x十1)}
x {sinh s (2n-c) sin rc-sinh sc.sin r (2n-c)} ] 
The above functions from the real part， satisfy the 
fol1owing problem 
( 1 (x = c-1) 
LrFx_2 - 2~L12凡-1 十 W+ザ)Fx = {ー 2 (x = c) 
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for any value else of x 
A4Fx_2-2~A2凡_1+(~2+ ザ)凡= 0， 
with the boundary conditions 
Fx = 0 for x = 0， n， 
A2凡_1= 0 for x = 0， n. 
(52) 
From the viewpoint of operating procedure， A2Fx_1 for x=O， n do not make any 
sense because there are not F_1 and F.叶 " A2Fx_1 for x=O， n are to represent the 
boundary values of A2Fx_1 in the above expression. 
(田問B町) The ima叩 拍nl泊na町 p伊阿阿a町制r此tof (何49町)， for 1+ き>0， becomes 
mπc mπx 
つn-l Sln 一二~sm 一二工一
号.L:(~ 日一一、 ¥ 
，. m~O t 2 ( 1一cOS7片付+ザ
+ 
1 
一方(∞sh2s一cos21) (cosh 2ns-cos 2nr) 
x [{cosh s (2n-x)∞slxー cωhsx・cos1 (2n-x)} 
x {sinh s (c+ 1) sin 1 (c-1)-sinh s (c-1)・sin1 (c+ 1)} 
一{coshs (c+ 1) cos 1 (c-1)-cosh s (c-1)・cos1 (c+ 1)} 
x {sinh s (2n-x)・sin1 x-sinh sx sin 1 (2n-x)} ] 
1 + 
η(cosh 2s-cos 21) (cosh 2ns-cos 2nl) 
写ミ0，x>c， 
x 1 {cosh s (2n-c) cos lc-cosh sc.cos 1 (2n-c)} 
x {sinh s (x+ 1) sin 1 (x-1)-sinh (x-1) sin 1 (x十1)} 
一{coshs (x+ 1) cos 1 (x-1)-cosh s (x-1) cos 1 (x+ 1)} 
x {sinh s (2n-c)・sinrc-sinh sc.sin 1 (2n-c)}] 
万ミさ0，c>x， 
and the imagin的 partfor 1 十~ <0， yields 
mπc . mπz 
~ sm-一一 sln一一一-~ '!.:.' n n 
ミテ.L:-(-， …一、 、
H 叫~O 12 (l-cos三竺.._I+Ë~ +が， ¥ n / -， ' 
工(-1)…1
一万(cosh2s-∞s 21) (cosh 2ns-cos 2nl) 
x [{cosh s (2n-x) cos lx-cosh sx.∞s 1 (2n-x)} 
x {sinh s (c+ 1) sin 1 (c-1)-sinh s (c-1) sin 1 (c十1)}
(198) 
(53) 
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一{coshs (c+ 1) cos r (c-1)-cosh s (c-1) cos r (c+ 1)} 
x {sinh s (2n-x)・sinrx-sinh sx.sin r (2n-x)}] 
守ミ0，x>c， 
+(-1)日 +1
マ(cosh2s-cos 27) (cosh 2ns-cω2n7) 
x [{cωhs(2n-c)・cosrc-cosh sc・cosr (2n-c)} 
x {sinh s (x+ 1) sin r (x-1)-sinh (x-1)討nr(x+1)}
一{coshs (x+ 1) cos r (x-1)一coshs (x-1) cos r (x+ 1)} 
x {sinh s (2n-c).sin rc-sinh sc.sin r (2n← c)} 1 
which訂 ethe solution of the problem: 
札一肌バ2+ザ)凡=(;
with the boundary conditions 
Fぉ=0， fo主 x=o，x=η 






In the particular case万=0， another group of Green Functions can be found 
from the prescribed formulas. 
(C) The real part leads us to 
( sinh s (n-c).sinh sx 
sin "~:.v sin """~ I一一一←一一一 (x<c) I sinh s.sinh ns 
nJ豆o2沖(か1ト一吋m坐判)+吋ι5{一1-一千里り卑仰!坦旦
¥ n / l sinhs.s討inhns
IM-jinpz 
sin s・sinns 
sin sc.sin s (n-x) 




for 0~ç~-2 ， -i(一げん).siゆ 件s.sin ns 
( 一1叫)勾削+c-一1 S insc x sins(n-x) 
sin s.sinns (x>c) 
for -2ミ;c孟 4，
=!(-1) 官官件
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from which substitution ~ = 0 yields 
示。 2(l-cosで) l工c・(n-x)n 
(D) The imaginary part turns out to be 
mπc mπz 
n sln ~~- Slll一一一一一一
λ “ n n =::E(〆一、、
品川 (2(l-cos 竺"-l+~l
i ¥ nノー l
-';T(主干否(cosh2s-1) (cosh 2ns-1) 
x [{cosh s (2n-x)-cosh sx} 
x {(c-1)計出戸(c+1)一(c+1) sinh s (c-1)} 
一{coshs (c+ l)-cosh s (c-1)} 
x {x sinh s (2n-x)一(2n-x)sinh sx}] 
.; ~ (4+~) (cosh 2s-1) (cosh 2ns-1) 
x [{cosh s (2n-c)-cosh sc} 
x {(x-1) sinh s (x+ 1)一(x+1) sinh s (x-1)} 
一{coshs (x+ l)-cosh s (x-1)} 
x {c sinh s (2n-c)一(2n-c)sinh sc}] 
mπc ηzπZ 
2U SIn SIn一一一n  
n;:o l2 ( 1-cos町 +~r
l ¥ n/ -J 





for ~孟 0 ，





+ 1 ) (59) 
.; ~ (4+~) (cos 2s-1) (∞s2ns-1) 
x [coss(2n-c)一∞ssc}{(x-1)sins(x+1)一(x+1) sins (x-1)} 
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mπc mπz 
口唱 Slll----Slll 
L ':.:_' n n 
:: ~ I 一ー、 ドー明~O :2 (l-cos竺竺 1+~) 
I ¥ n ) “ l 
(-1)日十1
付石弓)(cos2s-1) (cos 2ns-1) 
x [{coss(2n-x)-cossx} {(c-1)sins (c+ 1)一(c+l)sins (c-1)} 
一{coss(c+1)一coss(c-l)}{xsins(2n-x)一(2n-x)sin sx} ] 
x>c 
(-1)"" 0+1 I (60) 
-~百証工否(cos2s-1) (cos 2ns-1) 





n ‘ sln -----Slll一一一一一一
λ':.:_' n n -=-~( 二王了一γ
日明~O (2 (l-cos二三三)+~} 
I ¥ 刀 ) . I 
(-1)日汁
-.; ~ (4干百(cosh2s-1) (cosh 2ns-1) 
x [{∞shs (2n-x)一coshsx} 
x {(c-1) sinh s (c十1)一(c十1)sinh s (c-1)} 
{cosh s (c+ l)-cosh s (c-1)) 
x {xsinhs(2n-x)一(2n-x)sinh sx}] 
(-1)日十1
.; ~ (4+~) (cosh 2s-2) (cosh 2ns-1) 
x [{cosh s (2n-c)-cosh sc} 
x {(x-1) sinh s (x十1)一(x十1)sinh s (x-1)} 
一{coshs (x十l)-coshs (x-1)) 
x {csinhs(2n-c)一(2n-c)sinh sc}] 







for -4 孟~， 
(61) 





? ? ? ? ? ????
(62) 
(Received Apr. 30， 1965) 
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A Study of Lime Sludge Drying with Pneumatic 
Conveying Dryer on Pilot Plant Scale 
Katsuhiro Nozawa， Toshimi Abe， Hisao Kano 
and Chuji Mizuno 
Abstract 
Lime sludge， which is produced in great quantities from beet sugar plants， has always been 
dumped as a worthless by田productif it is not processed. The writers tried to dry this material 
economically by applying recently-developed pneumatic conveying drying technique on pilot plant 
scale. 
The result was that the water content of the raw material containing 40 to 60 per cent water 
(on dry base) could be reduced to 1 to 8 per cent in a few seconds. At the same time some neces-
sary data were obtained for the design of a dryer. 
Moreover， itwas found that the disintegrator had large heat transfer coefficient (400-800 Kcal/m3 

















2 解 砕 J除
3 胃Z 燥 管
4 サイケロン
5 ロー タリー ノてjレプ
6 オリフイスメー ター
7 宇非 風 f憐
???? 呂 t~~ 
ノヌit 管|
自 スクリェー フィー ダ:"'1
10 事有料供給槽|
1 重油パーナー






燃 焼 炉 解 砕 機
型 式 円筒型銅製キャスタープ、ノレ内張 型 式 テ、イスインテグレータ
り燃焼炉 モーター 10IP 200V 三栢
寸 法 ! 内径940omm 原料供給機
外径1，209同mm 型 式 円筒スクリューフィーダ
全長2，600mm 能 力 1，000 kg/hr 乾燥ライムスラジ
最大耐久温度 6000C 乾 燥 管
ノミ ナ 型 式 逆V字型乾燥管
型 式 プロポーショナノレ型 寸 法 内径 190同mm
重油ノぜーナ 保 温 30mm 全長岩綿帯巻付
最大消費量 30&月1r 捕集装置
使用重油 A叉は B重油 型 式 | サイクロン
オイルポンプ 排気ガス流量計
型 式 ギヤー・ポンプ 型 式 i オリフイス型
最大流量 1 &/min 最大流量 1，800 Nm3/hr 
モーター 1/2IP 200 V 三相 モーター 2IP ギヤードモーター
燃焼用送風機 無段変速機付
型 王t プレートファン型 排 風 機
圧 力 700mmAq 静圧 型 式 プレート・ファン型
風 量 100 m3/hr 最大風量 1，800 Nm3/hr 










乾燥に使用する高温空気は， 重油ノてー ナ (1)により， 燃焼炉(1)で直接加熱された燃焼ガ









気体の混合状態で乾燥が行なわれ， サイクロン (4)で成品の捕集が行なわれる。 サイクロンの
成品取出口にはロータリパノレブを取付けた。初期においては，サイクロン下但IJに捕集箱とゴム
シー jレ板を取り付けた。 ガス流量計 (6)はオリフイス流量計で使用ガス量を測定する。オリフ
イスより後方 3m程離れた位置に流量調節ダンパを取り付け，外部より冷空気を吸入して流量
の調節を行なった。乾燥に使用された燃焼ガスは吸込型の排風機 (7)を通り排気管 (8)から外部
に排出される。原料供給は， スクリユーフィーダによって行なわれ， ホッパの近くに約2ton 















J; Q=α・ε・A ・0・LJH・一一戸一 (1) 
G = 0.01252・α.e.d2.C{fi .'/P，三五 (2 ) 
c: 補正係数 (1.006) 
Q: 測定温度においてオリフイスを流れる流体の容積 [m3/hr] 
G: 測定温度においてオリフイフを流れる流体の重量 [kg/hr] 
α: 流量係数 ( =0.691) [ー]
ε: 圧縮係数 (=0.997) [ー]
d: オリフイス穴の径 (=0.12664) [m] 
g: 重力の加速度 ( = 3.56 X 104) [m/hr2] 
LJH: V字管マノメ戸タの7](柱差庄 [m] 
P，-P2: オリフイスの差 [kg/m3] 
ρ1: U圧字管内の流体の比重量 [kg/m3] 
ρ: オリフイスを流れる流体の比重量 [kg/m3] 
以上の数値計算の結果，流量と7](柱差圧の関係式は次のごとく表現される。









































真比重量 2750 [kg/m3] 
比重量 水分状態によって変動する [kg/m3] 
(i) 比 熱
無水比熱 0.25 [Kcal/kg・OC]



















沈降法: アンドレアゼンピペット法で測定した結果を表 2に示した。 代表粒径は 34μ
であった。
ふるい分級法: Tyler Mesh法による測定結果を表-3に示した。 これによると -250
+270 Mesh の範囲に大半の粒径が含まれ 53~61μ の範囲に代表粒径が存在する。又 100μ 以
上のものは若干含まれる程度である。
投影拡大機による方法: 100 倍の光学投影機によると 30~50μ が 60% をしめている。
表 2 ライムスラッジ乾燥後の
平均粒径計算表
審号 i代表粒径[室町[ xid， 
di (mm) I Xi (mm) 
1 0.0876 0.215 0.0188 
2 0.0353 0.198 0.0070 
3 0.0221 0.148 0.0033 
4 0.0154 0.108 0.0017 
5 0.0118 0.081 0.0010 
6 0.0094 0.060 0.0006 
7 0.0085 0.049 0.0004 
8 0.0076 0.042 0.0003 
9 0.0068 0.039 0.0003 
10 0.0060 0.026 0.0001 
11 0.0053 0.021 0.0001 




1 十200 I 10.9 1.47 
2 -200-十250 9.6 0.067 1.43 
3 -250-十270 52.7 0.057 9.23 
4 





















W(W，-W2) = G(H2-H，) 
(i) 熱収支(エンタノレピ収支)
Gi1十W(C+W，)tm，= G臼十日，(c十W.)t制 2










ん=1800 {ln W/dp-1.8} 
(iv) 解砕機における熱収支

































!気湿度 0.0064 0.0074 0.0062 0.0085 0.0045 kg.H20fkg.dry.air 
温度 13 13 11 15 17.5 。C
気湿球温度 10 11 9 13 10 。C
合水率 39.3 44 24.9 42 42 DB 7も
温度 つ 1.5 1 2 8 。C
投入量 480 658.5 780 857 625 kgfhr 
含水率 9.9 17 8.8 20.8 11 DB 7も
温度 58 53 51 47 53 。C
捕集量 458 643.4 kgfhr 
消費量 10.05 6.28 10.18 13.6 11 kg/hr 
イス流量 1180 1086 1269 1510 1300 kg/hr.wet 
「ス温度 312! 260 320 320 300 。C
rス温度 80 70 70 。C
「ス湿度 0.1245 I 0.1307 0.0913 0.094 0.119 kg.H20/kg.dry.air 





1 312 312 260 260 340 320 330 320 300 。C
2 86.6 300 105 300 103 92 。C
10 118 68 260 80 260 70 。C
7イス入口温度 100 64.6 260 60 260 66.5 。C
クロン入口と白温度差 22.4 221 。C
空気量 1023 928 1113 1309 1111 kg/hr.dry.air 
こよる水分量 111.5 123.8 105 127.3 136.6 kg/hr 
こよる水分 11.3 6.8 11 14.7 12 kg/hr 
こ含まれていた水分 7 6.8 7 11 4 kg/hr 
こよる乾燥ガス 32.3 20.6 33 44 36 kg/hr 
有水分量 135.5 201.5 155.5 253 185 kg/hr 
古重量 378.5 534.7 679.5 729.7 488.4 kg/hr 
合有水分 34 77.7 55 127.3 48.4 kg/hr 







室内空気湿度 H1 0.0085 0.0045 kg.H20/kg.dry.air 
燃焼ガス湿度 H{ 0.171 0.0143 I 0.0157 0.019 0.0139 " 
排気ガス湿度 H2 0.1245 0.145 0.107 0.113 0.133 " 
差 H2-Hi 0.1074 0.1307 0.0913 0.094 0.119 " 
排ガス計算温度 69.4 60.5 100.5 95.2 68.7 。C
空気比熱 CH， 0.248 0.247 0.247 0.248 0.247 Kcal/kg.OC 
排気ガス比熱 CH~ 0.297 0.300 0.290 0.292 0.301 " 
(210) 
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実験番号 1 2 3 4 5 単 位
重油消費量 10.05 6.28 10.18 13.6 11 kg(hr 
燃焼ガス量 1267 
(698529 ) 
1242 1681 1465 
乾燥空気量 1216 925 1191 1608 1411 
蒸発による水分量 111.5 123.8 105 127.3 136.6 
燃焼発生水分量 11.3 6.8 11 14.7 12 
初期水分量 7.4 7 7 14 6 
燃焼による発生ガス量 32.3 20.6 33 44 36 
自然空気量 1223.4 932 1198 1622 1417 
使用室内空気湿度 1248 946 1224 1652 1453 
燃焼ガス初期水分量 18.7 13.8 18 28.7 18 
燃焼ガス湿度 0.015 0.0146 0.0147 0.0174 0.0124 kg.H20(kg.dry.air 
排気ガス水分量 130.2 137.6 123 156 154.6 kg(hr 
排気ガス湿度 0.1043 0.1455 0.1005 0.0944 0.1064 kg.H20(kg.dry.a!r 
排気ガス温度 101.3 -29 112.8 149 80.5 。C
ガス温度 312 260 320 320 300 
湿潤比熱 CH， 0.247 0.247 0.247 0.247 0.247 Kcal(kg・OC
湿潤比熱 CH， 0.288 0.307 0.286 0.284 0.289 










表 5~7 から求めた解砕機の熱容量係数んV と Wゲdρ の関係を図-12 に示した。 図中に
桐栄らの実験式 (10)を比較のために示した。図-12から使用した解砕機の熱容量係数は， itヲ'dp
の値が 4，500~5，000 の時に最大となり，その値は実験式 (10) よりはるかに大きいことがわかっ





























































前項で検討したごとく W/d.ρ が 4，500~5，000 の範囲になる様な解砕機が，最適の熱容量係






































1) 亀井・桐栄・ 化学工学、 16，294 (1954);化学工学， 20， 60 (1956). 
2) 桐栄. 日本機械学会論文集， 3， 177 (1956). 





Study on Hydraulic Conveying by Water Power 
Relation between terminal velocities of a sphere in a 
conduit and mean flow velocities of water 
for suspending a sphere in a tube 
Kyokai Okuda 
Abstract 
As the五rststep of studying the mechanism of hydraulic transportation with water， the terminal 
velocities of spheres and the other related items are examined in the present paper. 
The terminal velocities of spheres in unbounded fluid that might be named as“theoretical ter-
minal velocities， vt" are well known， but “the terminal velocities of spheres in a tube， V2，" which 
is essentially subjected to the interference of the boundary， have not jet been su伍cientlyclari五ed.
The experiments were performed by changing the diameter of sphere d， the diameter D and the 
inclination (]of the tube. As it was expected， the magnitude of“the mean flow velocity in a tube to 
maintain the suspension of a sphere， V，" showed a noticeable difference from the interfered terminal 
volocity 'U2・ Thespheres used for the experiments were made of vinylchloride-， polystyrol. and 
polycarbonate.plastics， and the pipes， of clear methacryl.plastics. 
The results obtained in the present experimental investigation can be summarized as follows: 
a) the relation between V2 and Vt can be expressed by 
V2/'Ut =日，-s，(djD)， 
where日1and s， are constants to be determined by experiments. Further， itcan also be formulated 
as a iunction of Froude number; 
V2jVt二日2十 s2F，γ1，
where Fr1 is particle Froude number， Vμgd， 1X2 and s2 are constants again to be determi配 dby 
expenments. 
b) the Fr2-Re1 relation is paraboJic， and the Fr1-Re1 relation is hyperbolic， where Fr2 is v2N gd 
and Re1 is particle Reynolds number， v，djν. 
c) the Fr2-djD relation is parabolic， and Fr2 attains a maximum at a certain djD value. 



















以上司を考慮の上デ ここでは粒体の被輸送機構解明の基礎的事項として， 上記 (2)の粒体を
先ず球体に置換えて簡単化し，運動状態に関しては，その考えの基本となるべき球体の沈降速





町=なと(去-1) (1 ) 
Re>2.5X103に対して Newtonの沈降速度として
戸、Z-fZ(37-1) (2) 
また上記2者のほぼ中間の R到すなわち 8くReく2.5X 103に対しては，それらの調和平均値と
して
1 1 1 





































球の材料 11fEfrtrE4?J重 (gr) 量
8 8.04 0.10 0.389 
6 6.33 0.15 
場イ七ビニーノレ樹脂 1.413 5 4.79 0.18 
4 3.96 0.11 0.046 




(gr/cm') I (mm) (mm) (mm) 
10 9.89 0.06 
12 11.95 0.03 
14 13.97 0.07 
ポリカーボネィト樹脂 1.197 16 16目05 0.11 
18 17.99 0.05 
20 20.10 0.04 
22 22.09 0.06 
10 9.49 0.22 
12 12.73 0.19 
14 14.31 0.21 
ポリステイローJレ樹脂 1.047 16 16.05 0.22 
18 17.84 0.19 
20 19.02 0.20 
22 22.03 
0.12 




















管内径呼称|管内径実寸法 管内径略称 i管内径実寸法 管有効長さ
(m) D(mm) I (mm) D(mm) I (mm) 
19 19.00 28 27.80 2 
22 22.25 4040.73 
表 3 実験計画表
項目 lZ〔 19 22 28 40 50 
3 0.158 0.135 
4 0.211 0.180 0.144 
5 0.263 0.225 0.180 0.215 
6 0.316 0.270 0.216 0.120 
8 0.421 0.359 0.288 0.200 
d/D 
10 0.450 0.360 0.200 
12 0.432 0.300 
14 0.280 
16 0.400 
18 0.450 0.360 
20 
22 0.440 

































ν |ヰcfI ν I ;ocf I ν ν 
1 1.731 X 10-6 6 11 16 1.116x10 6 
2 1.673xlO-6 7 1.430xlO-6 12 1.242x10-6 17 1.088 X 10-6 
3 1.618x 10-6 8 1.389x 10-6 13 1.209x10-6 18 1.062xlO-6 
4 1.566x 10-6 9 1.348xlO-6 14 1.177x10-6 19 1.036x10-6 




球の抗力係数 CD(Re: レイノ Jレズ数)
Re CD Re CD Re CD Re CD 
10-1 240 4x102 0.60 4x10' 0.40 4X10' 0.49 
1 24 6x102 0.53 6X10' 0.40 6x1O' 0.50 
10 4.4 8x102 0.48 8x10' 0.405 8x1O' 0.50 
102 1.10 10' 0.45 10' 0.41 105 0.495 
2X102 0.78 2x10' 0.42 2x10' 0.45 2Xl05 0.45 
表-5




















































D=Cm，・':"d2.~竺L U2 U~ 4 ~ 2 ?? ??• • 
ただし CDS: 管内における球の抗力係数，
ん: 水の密度，






岬 βd' (r8-rW) = CDS・←d2・-竺v24 - 2 
Cm， = ~. r8~rW_.~ = ~.(ρ~ -1 i.g~ 






















2f D = Gsin θ+ F = G sin (j + ~d G cosθ 
rwV; 岬. CDS ・土d2 •こL=-ds(T-T)叫十fV2(Ts一九川s (j4 ~ 2g 6 ~ ¥' 8 ， W





3v;.CDS - 8gαcosθ・f-4gdαsmθニ O (11) 
となる。
1. 自由転勤の場合
乙の場合の Fの作用は， 前の場合と異なり， 転勤する方向と反対方向に作用すると考え
る。すなわち
D = Gsin θ-F 
である。前と同様に式を誘導して
3v;・CDS+ 8gαcos tJ. f -4gdαsm θ=0 (12) 
が得られる。
さて， (11)， (12)式において未知数は CDS，fである。 g，αは一定値であるし， θも傾斜角度を国
定した実験中は勿論一定である。もし「θを一定にした実験中は， CDS， fが変化しないJとい























図-3 球!L作用する力 (2) 












月 zρ柑 2 2fG 2f cwi d・7v=-J-7--tr(Ts一川
f 3 ρ切 ~.2 3ρU} ...2 一一一一一一一一一CDS 8 rs-rw ~ 8g んーρ叩 U 
f 3 _.2 
CDS 8gαν 
ρ開 1 1 










































1I.=石言 = Fr(フノレー ド数)， 1I.=竺L 三 ζ
Vt 





V， m一一一'. =F 4-dz-rh




1I9 = () 























(~) 1 (ヰ)1 (m~) 1 &も(mm) 
表-6・1 測定値の例
l吋と[紗 lMOL-J v， ι2 
2.92 0.131 1.0412 15.28 14.85 
2.90 0.130 1.0360 15.63 15.05 
90 22 3 2.91 0.131 1.0438 15.43 15.18 
2.94 0.132 1.0386 15.94 15.25 
2.92 0.131 1.0360 15.64 15.44 
3.93 0.177 1.0412 16.86 18.87 
3.97 0.178 1.0412 16.97 18.75 
90 22 4 3.96 0.178 1.0386 16.85 18.99 
3.99 塩 0.179 1.0360 17.09 18.52 
3.95 
千宅
0.178 1.0360 16.92 18.48 
4.81 ピ 0.216 1.0438 18.46 21.63 
4.78 0.215 1.0308 18.38 21.03 
90 22 5 4.82 0.217 1.0308 18.32 20.93 
4.77 0.214 1.0282 18.33 20.98 
4.76 ノレ 0.214 1.0256 18.21 21.13 
6.36 0.286 1.0360 20.60 23.81 
6.33 1.413 0.284 1.0360 20.65 24.19 
90 22 6 6.29 0.283 1.0308 20.65 23.08 
6.37 0.286 1.0334 20.74 23.32 
6.28 0.282 1.0308 20.82 24.59 
8.04 0.361 1.0438 22.44 25.86 
8.03 0.361 1.0412 22.41 26.32 
90 22 8 8.03 0.361 1.0360 22.50 26.09 
8.05 0.362 1.0308 22.20 26.09 





。 ?? di 





9.515 0.185 7.99 5.17 
10 1.2820 
9.472 0.184 7.66 5.12 
ポ
14.359 ス 0.279 8.90 5.86 
14 ア 1.2820 14.269 
イ 0.277 8.71 5.83 
45 50 ロ
17.842 0.347 8.96 6.01 
18 ノレ 1.2820 
17.836 0.347 8.93 6.01 
22.022 
1.047 
0.428 9.09 6.05 
22 1.2820 





。ム[ム i d毛 di(D v' v" v (度) (mm) r8 (cm/sec) (cm/sec) (cm/sec) 
9.890 0.447 1.90 1.06 1.34 
22 10 
9.896 0.445 1.92 1.23 1.46 
9.890 0.356 2.28 1.59 1.82 
28 10 
9.896 0.356 1.86 1.31 1.49 
11.919 0.293 3.00 1.73 2.15 
40 12 
11.985 ポ 0.294 2.66 1.45 1.85 
16.010 カ 0.393 
2.37 1.34 1.68 
40 16 
16.101 0.395 1.86 1.41 1.56 
18.119 
ボ
0.445 2.75 1.24 1.74 。 40 18 耳、
17.866 0.439 2.60 1.15 1.97 
イ
9.890 ト 0.192 2.64 1.97 2.19 
50 10 
9.896 0.192 2.56 1.84 2.08 
13.920 1.197 0.271 2.17 1.64 1.82 
50 14 
14.026 0.273 2.49 1.46 1.80 
18.119 0.352 2.00 1.30 1.53 
50 18 
17.866 0.347 2.12 1.51 1.71 
22.025 0.428 2.54 1.64 1.94 
50 22 
22.160 0.431 2.58 1.53 1.88 
?





6・1...表-6・3および図 4，図 5に示すに止める。 ζれらの表で diとあるのは実験に用いた個
個の球の実測直径である。
図-4，図-5 は塩化ビニ~}レ球についての実験結果を表わしたもので，管内径 D と管傾斜角
θとを両軸にとり，第3軸に速度 V1，V2をとってある。他の材料の球についてもほぼ同様な結






(~)I(:m)1山ride/D|(cふc)1 ん I Fr2 I Rel Iん2lsllS21LI4)
0.131 0.896 438 426 0.937 0.912 
(釣1)合わせ 1¥釣1)合わせ
3.96 0.178 21.10 I 0.860 0.950 646 714 0.803 0.887 
0.765 I 
90 22 4.79 0.215 24.23 0.847 0.976 851 981 0.757 I 0.872 
6.33 0.284 28.51 0.831 0.956 1270 1460 .72610.8351 ¥自2)由転動 (自2)由転動
8.04 0.361 32.54 0.799 0.930 1740 2020 0.670 i 0.8021 0.623 
2.92 0.131 16.48 0.912 239 0.935 0.552 (1) (1) 
3.96 0.178 20.55 0.870 0.584 I 611 410 0.834 0.560 1.077 0.285 
67.5 22 4.79 0.215 23.96 0.841 0.609 753 545 0.760 I 0.550 
6.33 塩 0.284 28.51 0.824 0.639 1240 960 
(2) (2) 
8.04 千七 0.361 32.54 0.757 0.623 1650 1340 0.661 I 0.537 1.094 0.143 
2.92 ピ 0.131 16.33 0.829 0.408 361 178 0.858 0.423 (1) 
3.96 一 0.178 20.67 0.805 0.453 543 306 0.767 0.432 1.563 0.282 45 22 4.79 0.215 23.96 0.745 0.476 672 430 0.673 0.430 
6.33 0.284 28.17 0.699 0.512 932 690 0.611 0.452 
(2) (2) 
8.04 Jレ 0.361 32.14 0.638 0.477 1220 912 0.557 0.417 1.360 0.0547 
2.92 0.1311 16.48 10.652 0.225 289 100 0.669 0.231 (1) (1) 
3.96 1.413 0.178 20.71 0.581 0.254 404 176 0.552 0.241 2.226 0.206 
22.5 22 4.79 0.215 23.96 0.525 0.270 487 251 0.475 0.244 
6.33 0.284 28.17 0.498 0.292 703 412 0.440 I 0.258 
(2) (2) 
8.04 0.361 32.14 0.456 0.286 912 573 2.031 0.0300 
2.92 0.131 fjCDSニ 0.02515
3.96 0.178 0.01122 。22 4.79 0.215 0.01596 
6.33 0.284 0.01331 






A. ~， -dJD- (j および乙-dJD-O について
管内径5種，球材料3種，球直径12種および管の傾斜角度4種の総てについての実験結果
をさ1 および ~2 と dJD， Hに関してプロットすると図-6，図一7のようになる。この 2つの図から
ιι何れも dJD，θによって規則的に変化するが，それぞれ異なった様相を示す乙とが解る 0
0が一定なるときのおのおのの線を式に表わせば，
??? 上一一一一一一一一一一一一一」 一一」一一03 04 045 
d/O一一一一-02 










J f J ム['， tPfT. 
己主??耕一一企ー
d/O一一一一-































































01 02 0.3 04 0.45 
dlD一一一一一ー
図 9 Fr2 -d/D 
キ Fr2ニUμ函であるから
4× 2×-t cD・壬♂・ρ叩旦πd2んv~ ":!:A .t.J ^CD vV.4 U， -pw 2 4(ρ8一ρ叩) D(球の抗力)(Fr2) =一一ニ一一一一=一一一一一一一・ 一一=一一一一gd π♂ん0 6 × -f竺~ d3(ρsー ρ切)g 3CDん G(球の抗降力)
ρs一ρ切 6
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図 10 Fr2-Rel (11=900) 図 11 Frl -Re1 (Jニ 900)
E. Re1-d/D， Re2-d/Dについて








。i 。2 03 
d/D一一一一ー
04 0.5 
図-12 Re1， Re2-djD (J=900) 






























図 13 CDS， f-(} (釣合わせ)
図 14 CDS， f-() (自由沈降，転勤)























1)次のような論文では，何れも Re数の低い領域，すなわち Poiseu日leflow について取扱っている。
a) Proudrnann， 1.& Pearson， J.R. A.， J. Fluid Mechanics， V 01. 2， 237 (1957). 
b) Brenner， H. & Happel， J.， J. Fluid Mechanics， Vo!. 4， 195 (1958). 
c) Rubinow， S. 1. & Keller， ].B.， J.Fluid Mechanics， Vo!. 11， 447 (1961). 
d) Segre， G. & Silberberg， A.， Nature， Lond. Vol. 189， 209 (1961). 
e) Segrる， G. & Silberberg， A.， J.Fluid Mechanics， Vo!. 14， 115 (1962)ー
粒体をガラス球IC置換え，球の流体中における運動について論じているものとして，次のー篇がある。
f) 三雲英之助外1名:空気充填法の基礎的研究，第 1報，日本機械学会論文集，第 19巻，第85号， 88頁
(1953). 
2) たとえば 池森亀鶴: 国体の水力輸送の力学的取扱い，日本機械学会誌，第66巻，第537号， 1417頁
(1963). 
3)寺田 進: ハイドロリックコンベア， 73頁.
4) 同 上 77頁および渡辺慶輝;水力採炭， 41頁.




8) Eichhorn， R， & Srnall， S.， ].Fluid Mechanics， Vol. 20， 513 (1964). 
9)上記1)のめ
10) たとえば W. Kaufrnann: Technische Hydro.und Aerornechanik. 
11)渡辺慶輝・ 水力採炭， 40頁.
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On the E百'ectsof Intake or Exhaust Pipe System in a 
Crankcase.Compressed Two.Stroke Cycle Engine 
Norihiro Sawa 
Abstract 
T 0 examine the influences of an intake or exhaust pipe system on the delivery ratio in a smaJl 
crankcase司compressedtwo-stroke cycle engine， the author has performed the theoretical analysis on 
the matching condition for the intake or exhaust pipe e妊ectand then has measured the amount of 
the delivery ratio and analyzed some pressure indicator diagrams for the intake or exhaust pipe. 
Some conclusions reached are summarized as follows: 
a) In the extreme cases of a long intake pipe or high speed， the residual pulsation waves in the 
intake pipe have great influence on the delivery ratio and such a pulsation efect is generally governed 
by qi = 15 adNLi. 
b) The maximum delivery ratio occurs by the inertia efect due to the intake pipe and the 
matching condition is expressed by ljZi:U = (180jO!)2+ U 2 • 
c) The pressure wave remaining in a long exhaust pipe contributes to the scavenging action of 
the next cycle and such a pulsation efect is defi田 das Qe=(1+0;s)・qe・
d) The maximum increase in the delivery ratio (k-ko)M due to the exhaust pipe is obtained by 
exhauは blow-downwaves and such a blow-down蜘 tis given by Zeニ3-仰倒
1. Introduction 
It has well been known long since the fact that the breathing capacities of 
engine are largely govemed by an intake or exhaust pipe system， and the author 
has also presented already a report'l conceming the effects of intake or exhaust pipe 
length on the delivery ratio in a small crankcase-compressed two-stroke cycle engine. 
Successivelうら in order to investigate systematically the influences of various 
engine factors on the delivery ratio， he has made a few theoretical analyses and 
then measured the delivery ratio in 2-stroke cycle one changing the various di-
mensions of the test engine over a wide range of engine operating condition， and 
some pressure diagrams in the intake or 
exhaust pipe were obtained mainly by a 
magnetic oscillograph to analyze the air 
flow in the suction or exhaust process. 





The test engine shown in Fig. 1 is a 
crankcase-compressed two-stroke cycle en-






Fig. 1. Test engine. 
(237) 
238 N. Sawa 
Table 1. Dimension of test engine 
Cylinder borexStroke (mm) 
Stroke volume (Vh c) 
Crankcase volume (at T.D.C.) (Vk c) 
Mean volume of crankcase during 




Sectional ar田 ofintake pipe (A8 cm2) 
( Inlet 

























of which are described in Table 1. 
In Fig. 2 which shows the general 
layout of experimental apparatus. a 
surge tank with a fl.ow-meter of round 
nozzle type is connected to the intake 
pipe directly and then a carburetor is 
installed on the outside wall of the 
tank. Straight pipes with so many 
different kinds of length and diameter 
are prep訂 edfor intake or exhaust 
pipe system that we are able to get 
many pipe systems by combinating 
them. 
Fig. 2. General layout of experimental 
Considering the results of the 
previous experiments'l， al the tests 
regarding the intake pipe system町e
made in the motoring state and without 
the exhaust pipe to eliminate the in-
fl.uences of exhaust pipe on the delirery 
apparrtus. 
① Test engine ② Spark plug ③ Thermocouple 
④ Carburetor ⑤ Intake pipe ⑤ Air-cleaner 
⑦ Surge tank ⑧ Rubber sheet ⑨ Flow-meter 
⑬ Thermometer ⑬ Manometer @ Fuel tank 
Pressure indicator: 
@ Cylinder ⑮ Inlet port ⑬ Crankcase 
⑨ Carburetor ⑧ Crank.mark 
ratio. On the other hand， effects of the exhaust pipe system are examined in the 
firing state using the s創netest engine with intake pipe of shorter length. 
All these tests are carried out with the engine speed changing from 1500 to 
4500 rpm， i. e. the air amount to the engine is always measured by a fl.ow-meter 
after the temperature of spark plug seat having reached a steady value， and to 
analyze the inatke or exhaust process in a two-stroke cycle engine， the pressure 
variations at such positions an inlet port， crankcase and exhaust port are picked 
up by means of each pressure indicator of the electric-capacity type as shown in 
(238) 
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Fig. 3 and then are recorded on a magnetic oscillograph 
through several ampli五ersof direct or alternating current 
type. 
3. Experimental results and 
considerations 
3-1 On the pulsation E鉦ectdue to the Intake 
Pipe 
The pulsation effect due to the intake pipe in an 
engine are shown in Fig. 4 and 5， which illustrate a 
delivery ratio curve and pressure fluctuations at the inlet 
port respectively. From both the figures， itis seen that 















Engine sped N rpm 
Fig. 4. Delivery ratio for pipe length OL58 (E-50) 
Fig. 5. Pressure dirgrams at 
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Pulsation凹effJcienl 1/仇
Fig. 6. Pulsation efect due to the int五kepipe 
length (E-50， E-125) 
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the positive part of pulsation waves is superposed on the intake period and vice versa. 
Such pulsation effect due to the intake pipe system is govemed by the following 
expression3) •
必 =(αJ4L包)/(N/60)= 15ai/NLi (1) 
Where 仇 ispulsation coe伍cient，ai : sonic velocity， Li: length of intake pipe， 
N: engine speed. 
As shown in Fig. 6， the delivery ratiocurves (K) drop down at at several 
positions of qi having integer value， because in the case， a negative wave just arrives 
in the next intake period. Changing the diameter of intake pipe with a given 
























qi~2%t 2比t 2t 1弘1
100} 0.6 
Pu[sation coefficient l/qi 
Fig. 8. Pulsation e丘ectdue to each intake pipe diameter (E-125) 
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nearly N = 3000 rpm is affected by 
the pipe diameter; particularly， larger 
the pipe diameter， the higher the en-
gine speed where the peak values of 
delivery ratio curve are obtained by 
the pulsation e妊ect_
Rearranging these experimental 
results with the pulsation coe伍cient
qi instead of engine speed (N)， al the 
peaks in the curves coincides with 
each other nearly at a constant value 
I _ 1 _ 1 ¥ 
of qi 1 = 1 ~ ，._ 1 : I as shown in Fig. ¥ ~2 ~41 
8. Then the pulsation coe伍cient(qi) 
seems to be an important parameter 
as a criterion showing whether the 
pulsation e旺ectdue to intake pipe 
system is positive or negative. Strictly speaking， however， a matching condition 
of the pulsation e妊ectvaries in accordance with the change of intake period (供)as 
shown in Fig. 9. Considering the relation between the pulsation wave and the 
inlet timing as illustrated semantically in Fig. 10， these 
10 facts are understood as follows: 
a) In the case of q乞=2， the negative part of 
pulsation wave arrives at the timing of inlet opening 
and also its positive part enters successively during 
intake period， so that the pulsation wave e旺ectis very 
small. 
Since the delivery ratio is mainly governed by 
the first positive wave which just reachs the inlet port 
at the closure， the delivery ratio for a short intake 
period 仇/2= 600 is small and it can not be increased 
by the pulsation effect. 
Fig. 10. Matching state of 
3 
the pulsation wave b) In the case of q乞=1 4-'a part of the positive 
waves reachs the cylinder at the inlet opening， but the negative wave also enters 
the cylinder during the latter half period of the intake process. In the case of 
short intake period (θ.12 = 600)， negative pulsation wave a旺ectsremarkable on the 
delivery ratio because the inlet port closes entirely before the五rstpositive wave is 
coming. On the other hand， when a long intake period (Oi/2 = 800) the delivery 
ratio increase considerably by the first positive wave， which has su伍ciently higher 
value at the inlet closure. 

























Delivery ratio for each intake 
period (Ih)， (E-50) 
4x可否
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increased due to the complet superposing of the residual positive wave upon the 
whole period of intake process. For 仇/2=800，the delivery ratio is augmented by 
the positive wave superposed on the first half period of the intake process as the 
first positive wave is high. 
1 
d) In the case of qi = 1 .4，the delivery ratio for ム/2= 600 is not so low， 
because of only a part of the positive pulsation wave superposing on the intake 
period in spite of the first positive wave; then it is seen that the delivery ratio 
1 1 
increases， in general， at q i= 1 -2，..1 .4. 
From the preceding consideration&， the matching conditions for the pulsation 
wave remained in the intake pipe system are also dominated by the so-called inertia 
effect due to the inlet pipe. 
3-2 On the Inertia Effect due to the Intake Pipe 
The fact that the maximum delivery ratio occurs mainly by the inertia effect 
due to the intake pipe system is well known and 
has already reported by the author4). Now he ap司
plys the approximate inertia theory proposed by 
Professor T. Asanuma') to the intake pipe system 




in Fig. 11 and exmines the conditions occurring the Fig. 11. Intake pipe system 
maximum delivery ratio through the inertia e旺ectand obtaines the following relation; 
l/ZiM = (180/87)2 + U2 (2) 
Where ZiM(三三ωLi/αi)M is an inertia coe伍cientwhere the maximum delivety 
ratio is given， 87 is the effective intake period and L7 is the equivalent length of 
inlet pipe. U is coe伍cientof flow reistance per air column in intake pipe， which 
is calculated from the following equation') 
T口C
QZ Q4 06 08 <C 
lnerlia-efeol 0田両町田1Zi 
Fig. 12. Inertia efect due to the intake pipe (E-50， E-125) 
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Vh dK/d{} U一一一一一・ ・(A1+ん十五CLi/d，汁ん)-4J;Li' s2 (θ) 
(3) 
Where Vh : stroke volume， J;， di， Li: 
sectional area， diameter， length of intake pipe 
respectively， K: delivery ratio， {}: crank angle， 
んんぶん:co伍icientof steady flow resistance 
in entrance of intake pipe， carburetor， wall of 
intake pipe and inlet port respectively，戸(θ):ratio 
of flow velocity. 
To strengthen the relation given by Eq. (2)， 
al results obtained by changing the intake pipe 
length in the test Engine-125 as well as Engine-50 
are plotted against the inertia coe伍cient(Zi) as 
shown in Fig. 12. It is shown in the Figure that 
the maximum delivery ratio for every pipe length 
in Engine-50 are obtained in the range of values 
Zi=0.45，._0.55， which shows a good agreement 
with the value of Z包M(=0.493) calculated by Eq. 
(2) assuming that the value of U is 1.03 obtaining 
from Eq. (3) and the effective intake period ({}i) 
is 1100 • 
Besides the experimental values of Zi meas. 
ured in Engine-125 agree with the 
value of ZiM'( =0.61) computed from 
the same equation putting U = 0.9， 
θ: =130 0 • 
Similarly the delivery ratio is 
largely a旺ectedby the crankcase vol. 
ume as shown in Fig. 13， particularly 
the larger the crankcase volume the 
lower the engine speed where the maxi. 
mum delivery ratio occurs. However， 
if rearranging the experimental results 
with Zi as shown in Fig. 14， the 
maximum delivery ratio for each 
crankcase volume is also occuring near. 
ly at the value of Zi = 0.493， which 
computed by Eq. (2) like the former. 
Increasing the opening period of 
inlet port ({}i)， the engine speed for 





Fig. 13. Delivery ratio for each 
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Fig. 14. lnertia efect due to the 
crankcase volume (E-50) 
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increases as shown in Fig. 15， but Fig. 16， shows that the maximum delivery ratio 
has the same value of the inertia coe伍cient(ZiM) caluculated for each opening period 
from the same equation. To examine the e旺ectsof flow resistance， the experiments 
are carried out changing the throttle valve of carburetor and the diameter of intake 
pipe. These results are shown in Fig. 17 & 18 respectively. Using the inertia 
coe伍cient(Zi) calculated from the engine speed for the maximum delivery ratio， 
the flow resistant coe伍cient(U) can be counted backward from Eq. (2). On the 
other hand， the flow resistant coe伍cient(U) is also determined from Eq. (3) When 
the coe伍cientof the steady flow resistance is used. Then both the values are com-
pared with each other in Table 2. 1t seems that， since both the values agree frirly 
well， the influence of carburetor or pipe diameter on the matching condition of the 
inertia e旺ectshould be considered roughtly as the influence of flow resistance coef-
五cIent.
Through the above examinations， itseems to be confirmed that the matching 
conditions for the maximum delivery ratio， that is， the optimum values inertia coef-









Engrne speed N rpm 
Fig. 15. Delivery ratio for each opening 
period of inlet port (ι50) 
θ〆'2 I Z門"0.633
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Inertia'efect∞eficient Zi 
Fig. 16. Inertia efect due to the opening 
















Engine speed N rpm 
Fig. 17. Delivery ratio for each throttle 
。fCarburetor (E-50) 
Engine speed N rpm 
Fig. 18. Delivery ratio for each intake 
pipe diameter (E-125) 
Table 2. Flow resistant coe伍cient(U) 
COarpbe山ning of ZιM U is counted U is determined 
Test engine retor or (Mean valuea) l backward from from E吐.出(3) Diameter of Experiment Eq. (2) (乱1eanval intake pipe value 
C-4j4 0.512 1.07 1.045 
C-3j4 0.497 1.17 1.125 
E-50 
C-2j4 0.465 1.40 1.36 
C-1j4 0.330 2.55 2.32 
C-4j4 0.60 0.93 0.90 
16mmo 0.556 1.15 0.98 
E-125 
20mmo 0.635 0.82 0.828 
28mm同 0.683 0.58 0.63 
calculated by Eq. (2) and such computed values are shown in Fig. 19. Accordingly 
the effect of such engine factors as Li' Vk， j;， N， U etc. on the maximum delivery 
ratio can be also determined， so that Eq. (2) seems to be a useful formula for the 
engine design. 
3-3 On the Pulsation Effect due to the Exhaust Pipe 
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Flow resislanl coeficienl U 










Engine speed N rpm 
Fig. 20. Delivery ratio curve for pipe 
length. Le口 137(E-50) 
Fig. 21. Pressure diagrams for pipe length L，=137 (E-50) 
contributes to the next scavenging one， and then the delivery ratio (K -Ko) is also 
affceted by such pulsation waves as shown in Fig. 20. 
In Fig. 21 (a)， N = 1790 rpm; the number (qe) of pulsation wave entering the 
1 
cylider during a cycle is equal to 2 .4' while the pulsation wave number (L1qe) for 
the effective scavenging period is 3/4. Then the sum of both numbers Qe ( =qe + L1qe) 
is nearly equal to 3， so that the delivery ratio shows very high value because of 
the negative wave superposes on the latter half period of the exhaust.値scavenging
(246) 
Efects of Intake or Exhaust Pipe System in a Crankcase‘Compressed Two-Stroke Cycle Engine 247 
process (0二)_ The delivery ratio at N = 2310 rpm decreases extremly as show by a 
point b in Fig_ 20， as the positive pulsation wave superposing on the latter half 
period of θふ
On the other hand， the delivery ratio at N = 3100 rpm inceases slightly on 
account of the relatively small positive wave superposed on the whole period of 
oムalthoughthe θ二periodis almost covered， by the positive wave as shown in 
Fig. 21 (c). Fig. 21 (d) N = 4180 rpm， shows that the 0二periodis completely cov-
ered by the positive wave of exhaust blow-down. Then the delivery ratio decreases 
extremely. 
From these considerations， itis found that the di旺erenceof delivery ratio 
(K -Ko) has an inclivation to increase with superposing of the negtive part of 
pulsation waves upon the latter half period of 0二andvice versa. 
Consequently， such a d戸lamiceffect due to the exhaust pipe system on the 
delivery ratio (K -Ko) is usually called the exhaust pulsation effect. This considered 
as follows; in the五rsthalf period of the exhaust-scavenging process in a two stroke 
cylce engine， whose inlet port is controlled by the piston， the cylinder and scavenging 
pressures are both high and besides a forced scavenging action due to the piston 
motion follows， so that the influence of pulsation wave on the delivery ratio is 
comparatively as litle as was expected. 
On the contraty， in the latter half period the scavenging pressure drops down 
so steeply that the delivery ratio depends mainly upon whether or not the negative 
wave is superposing on the period. 
Then the pulsation coe自cient(Qe) is defined as a number of the pulsation 
waves involed between exhaust openning (E.O.) and effective scavenging closure 
(s.Cメ)and it is an important parameter showing whether the pulsation wave placed 
during the latter half period of scavenging process is positive， or negative， and is 
glven 
Qe = (αe/4Le)+ ((N/60) x 360/(360+佑)}= (1 +θユ/360)'qe (4)6) 
Where ae: sonic velocity in exhaust pipe system， Le: length of exhaust pipe， 
N: engine speed，。二:e旺ectiveperiod of exhaust-scavenging process， and qe = 15ae/NLe 
is similar to Eq. (1). 
3 __3 ._3 
When Qe is eqaual nearly to 4 "'-'1， 1 4 ，.2 and 2 4 ，.3， the delivery ratio 
(K -Ko) increases because of superposing the negative wave on the latter period 
of the scavenging action. 
T 0 certify such a consideration， some experimental results for each exhaust 
pipe of various length are plotted against the pulsation coe伍cient(Qe) in Fig. 22， in 
which some p回kson the delivery ratio curve occurs aproximately at the value of 
3 ~ ~ 3 
Qe = 1 i ，.2， 2 4:，.3 and so on. Accordingly， the pulsation coe茄cient (Qe) 
seems to be important parameter giving the mathing criterion of the pulsation 













(3) 0.4 (2j 
N. Sawa 
Pulsation coeficient 
Fig. 22. Pulsation efect due to the exhaust pipe 
0.8 (1)l/qe12 
exhaust pipe system such as a cone 
type as proved in Fig. 23. 
3-4 On the Blow-Down Effect 
due to the Exhaust Pipe 
According to some experiments 
on the effect of exhaust pipe system， 
it seems certain that the increasing in 
the delivery ratio (K -Ko) due to ex岨
haust pipe effect depends considerably 
on the matching state between the 
negative wave following after the posi-
tive wave of blow-down and the effec-
tive closure of scavenging port. Then 
the maximum increase of delivery ratio 
(K -Ko) is also obtained just when 
three quarters of the blow-down period 
is nearly equal to the effective exhaust咽
scavenging period ()二).
These matching conditions are ex-
pressed simply by 
ZeM(三 ωL:/ae)M
= (4/3)・()，ニ/360) (5)') 
LeこlocYL，
1.4 
。 0.3 0..6 
Pulsation coeficient 1 / Q. 
Fig. 23. Pulsation effectdue to the 
conical pipe (fh = 20) 
Where ZeM: blow-down coe伍cientwhere the maximum delivery ratio (K -Kotv 
is given，ω: angular velocity， ae: sonic velocity， L:: equivalent length of the 
(248) 
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scavenging and exaust pipe system，θ二:effective exhaust-scavenging period， which 
counts in the crank angle from the exhaust opening (E.O.) to the effective scavenging 
closure (S.Cメ).
1n this equation，位 isgiven as the engine design and ae are measured re-
spectively. Therefore it is only necessary to obtain the value of L:， which is 
calculated from the period of pressure wave during the exhaust blow-down and 
a旺ectedlargely by the various factors in the exhaust pipe system. 
Both theoretical values of L: calculated on the inertia theory and the impedance 
theory are compared with the experimental values obtained in an air model engine 
similar to the exhaust pipe system of the actual engine. 1n practice， the theoretical 
period (T M)， from the exhaust openning to the time for the cylinder pressure taking 
the maximum negative value， instead of L: is used for comparing with the experi-
mental values obtained from the oscillograms， as shown in Fig. 24. 
。
1 2 
Exhaust pipe length Le m 
Fig. 24. Theoretical period (TM) calculated 
by means of the inertia theory and 




















Exhausl pipe length Le m 
Fig. 25. Applicable range of both 
theories. 
From a good agreement in the五gure，it is seen that each theory has an appli-
cable range respectively， and further the impedance theory can be applied to usual 
operating conditions in the actual engine， where the exhaust pipe effect should be 
expected as shown in Fig. 25. 
If the impedance theory is to be used to a 
exhaust-scavenging pipe system of an actual engine， 
which is composed of crankcase (V k)， scavenging Fig. 26. Exhaust-Scavenging 
passage (んJ.)， cylinder (Ve) and exhaust pipe (l.， j.) pipe system 
as shown in Fig. 26 then the equivalent length (L:) is also to be calculated by 
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Exhaust blow-down 田鍋cientZe 
Fig. 27. Exhaust blow-down efect due to the exhaust pipe length. 
/ θ乙-8ユ ¥I 
C州Le/L:)= lVc+万二石.Vk)!-五L:= Vぷ L: (6) 
To certify the relation given by Eqs. (5) and (6)， al experimental results for 
Engine-125 as well as Engine-50 are plotted against the exhaust blow-down coef-
ficient Ze ( =ωL: /ae) in Fig. 27. It is shown in Figure that the maximum increase 
of delivery ratio (K -KO)M for every pipe length are obtained in the range of values 
え=0.41.，0.43，which agree with the value ZeAf= 0.415 for Engine-50 computed 
20 
Engine speed N叩m
Fig. 28. Delivery ratio (K -Ko) for each 





Engine speed N rpm 
Fig. 29. Delivery ratio (K-Ko) for each 
exhaust pipe diameler (E-50) 
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Exhaust blow-down∞eficent z， 
Fig. 31. Exhaust blow-down effect due to 





Fig. 30. Exhaust blow-down effect due to 







Exhaust blow-down coeficient Ze 
Fig. 33. Exhaust blow-down e任ectdue to 







Engine speed N 叩m
Fig. 32. Delivery ratio (K-Ko) for each 







Exhaust blow-down coeficient Ze 
Fig. 34. Exhaust blow-down effect due to 
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日1 04 07 
Exhaust blow-down coefioient Ze 
Fig. 35. Exhaust blow-down e妊ectdue to 
the exhaust system with conical 
pipe (E-50， Ih = 20) 
0.2 0.4 一面 0.8 1.0 
Exhaust blow-down coeficient Ze 
Fig. 36. Exhaust blow-down e妊ectdue to the exhaust 
system with expansion chamber (E-50) 
(252) 
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by Eqs_ (5) and (6)， and in the case of Engine-125， whi1e the experimenta1 va1ues 
(え)a1so shows a good agreement with the va1ue of ZeM= 0.435 calcu1ated from 
the same equation_ 
Simi1ar1y， the de1ivery ratio (K -Ko) is 1arge1y affected by the crankcase vo1ume 
or the sectiona1 area of exhaust， pipe as shown in Figs. 28 & 29. However， if
rearranging the expermenta1 resu1ts with Ze as shown in Figs. 30 & 31， the maxi-
mum increase of de1ivery ratio for each case is a1so occuring near1y at the va1ue 
of Ze=0.415， which computed by Eq. (5). 
Increasing the exhaust-scavenging period (θ二)， the engine speed for the maxi-
mum increase of delivery ratio also increases as shown in Fig. 32， but Fig. 33 
shows that the maximum increase of de1ivery ratio has the same va1ue of exhaust 
b1ow-down coe伍cient(ZeM) calculated for each opening period from the same 
equation. 
It seems， therefore， to be seen出atthe optimum values of engine speed (ω) 
and effective exhaust-scavenging period (0二)can be determined by Eq. (1). if the 
optimum dimensions of the exaust-scavenging pipe system (L:) would be obtained 
by Eq. (6). and then it will be app1icab1e to the other exhaust pipe system as shown 
in Figs. 34， 35 and 36. 
4. Conclusions 
The resu1ts reached are summarized as follows: 
a) In the extreme cases of a long intake pipe or high speed， the residual 
pu1sation waves in the intake pipe have great in自uenceon the delivery ratio and 
such a pu1sation effect is generally governed by the expression 
q = 15ai/NLi (1) 
Strict1y speaking， however， these matching conditions must be discussed considering 
the pu1sation effect and the inertia effect due to the intake pipe system. In a word ; 
(i) if the inertia e旺ectwere uti1ized large1y， the delivery ratio wou1d increase at 
qi = 1 ~ ， whi1e it wou1d decre蹴抗日間 Evenif the inertia effect is削
1 1 
1arge， the delivery ratio augments at q乞=1 2 ，._ 1 .4' where the positive wave super-
pos…ωa叫 1a匂 riod山時 process，but it diminishs at qi = 1 ~ b…e 
of the negative wave during intake period. (ii) In genera1， the matching condition 
is the same as in the case of (1)， because the first positive wave coming into the 
cylinder at the in1et closure has a re1ative higher va1ue when qi is 1arger than 2. 
b) The maximum delivery ratio occurs by the inertia effect due to the intake 
pipe and the matching condition of the e妊ectin a crankcase-compressed two-stroke 
cycle engine is expressed approximately by the following equation. 
1/Z~M = (180/θiY+U2 (2) 
(253) 
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c) The pressure wave remaining in a 10ng exhaust pipe contributes to the 
scavenging action of the next cycle and such a pu1sation effect is important for 
the engine performance ane is defined as the following pu1sation coe伍cient(Qe). 
Qe=(l+θ二/360).qe (4) 
d) The maximum increase in the de1ivery ratio (K -Ko) due to the exhaust 
pipe is obtained by the exhaust b1ow-down waves and such a b1ow-down e旺ectis 
given by the expression 
ZeM(三三ωL;/ae)M= (4/3)・(θ二/360)
where L; is a1so calcu1ated by the approximate equation (6). 
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On the Intake or Exhaust Pipe Effect in the Partial Load Operation 
of a Crankcase-Compressed Two-Stroke Cycle Engine 
Norihiro Sawa， Kazutosi Hukusima and Tomokiti Hayakawa 
Abstract 
To examine the effect of the intake or exhaust pipe system in the partial load operation of a 
crankcase-compressed two司strokecycle engine， we carried out some experiments， changing the throt-
tle valve of carburetor. 
As a result， itis ascertained that the infiuence of carburetor on the matching condition of the 
inertia effect should be considered roughly as the infiuence of fiow resistance coefficient， but it is 



















供試機関記号 E -50 E -125 E -180 
シリンダ径×行程 (mm) 40 q，x39:8 55x52.5 62x59.6 
1ゴ- 程 体 積 (c) 50 125 180 
クランクE主体積 (ccat T. D. C.) 161 452 640 
圧 縮 比 7:1 7:1 8:2 
給 気 600 700 640 
ポートタイミング | 拶午 気 670 69.30 65.20 
掃 気 l 550 570 50.20 
給 気 管 径 (mm) 13.8 20 30 










K = {Q-o(V" . N/60)} x 100% (1 ) 
ここに V，:行程体積 (cc)，N:機関回転数(r.p.m.)，Q:実測せる給気量 (cc/s)であって
図←1 実験装置 (b) (a) 
図-2 示圧計
(256) 
クラ xク室圧縮2サイクノレ機関の部分負荷運転における給排気管効果について 257 
次式から求める。
Qニ c.f両扇子・や cc/s


















ぞれ C-4/4，C-3/4， C-2/4， C-1/4に固定し， 日
給気管長を広範囲に変えて給気量を測定した。 日

























機関回転数も低速側に移行することがわかる。 これらの回転数(図中の a，b， c)における給気
孔直前の管圧をみると，図-6のように給気過程における第 lIE圧波がちょうど入りきったとき
(第 1正圧波が最大のとき)，給気孔が閉じている。 乙の給気過程における第 1正圧波と最大給
気比の生成との関係は，気化器を全開とし，機関回転数や3)給気孔開口角的を変えた場合と全
く同じである。次に，同一機関回転数 (N=3000 r.p.m.)のもとで，気化器開度 (c)を変えた場





























d2 K ~ dK . K 1; J" (. P ki ，¥ 
y+2μ万 +zf=ZT(日 /k)(l一千) (2) 
ここに，ロ=To/Ti (大気温度と給気管内温度との比)， e = Vkm/Vh (クランク室平均容積と




Vh (dK/d的μ= 十一一・ l竺止!1:~\_().1 十)，2十 χLi/di十ん)4j.Li {32(が)・α2(が)
(4 ) 
ここに， ω:クランク角速度， ai:給気管系の圧力伝播速度，L包:給気管長， j.:給気管断




K = (-rie/川一九/Po・e'){l-e 凶作os)，tI+キ.sin )，tI)} (5 ) 
で与えられる。 ここに A=イ刀考二戸ーである。
次に，最大給気比を与える条件，dK/dtl=Oから， sin AtI=O， したがって
l/Z:M = .u2十(180/，吋)2 (m=lの場合) (6 ) 
の関係が求まる。 ただし，ZiM:最大給気比を与えるときの Zム時有効な給気孔開口角
である。 なお，上式から慣性効果(最大給気比の生成)を規定する因子として，慣性特性数




























(E-125， Q=6650 cc/s d戸 27mm)
150 
E -50 
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劃 10ト I I I r--1 I I 
合 |r 11-一、 ト寸 トーl
% 0 I ・
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イヒイヒ気弓気気リ気 7 7 

















(丸型ノズjレ流量計の読み Jhoc V2) との関係を図-12に示す。 これらから各部の抵抗係数を算
出すると，ほぼん=0.05，χ=0.045，ん=0.3(E-50)， 0.27 (E-125)となり，気化器開口面積
表-2 流動抵抗係数 (μ)の比較
供相 [ 気化開 i Fii] 
ノマ イ プ 0.91 
C-4j4 1.045 
E-50 C-3j4 1.125 
C-2j4 1.36 
C-1j4 2.32 
diニ 16 0.98 
20 0.828 





o E-125 . 





























01 = 1340 
気化器なし
0.58 




















給気比を与える機関回転数 (N= 3080 r.p.m.) 
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と排気管なしの場合の給気比 (Ko)との差 (K-Ko)または比 (K/Ko)を求めてみると図-24およ
び図-25のようにいずれの曲線も相似となり，その最大値 (K-Ko)Mまたは (K/Ko)Mを与える
機関回転数もよく揃っている。したがって，図 22の実験結果を全開運転の場合と同様に給気
比 (K/Ko)と排気吹出し特性数 (Ze)とで整理すると図 26のように，いずれも排気吹出し効果の
同調条件式
ZeM三(去L:)M=ぬ/360 (7) 




4 X 103 
図-22 排気管長と給気比 (E-50)
(266) 
図 23 気化器開度と給気比 (E-50)






























o 0.4 亘子 le 1.2 
図-26 排気吹出し特性数 (2e)と給気比 (K/Ko) (供誌機関 E-5Q)
(267) 
268 沢則弘・福島和俊・早川友吉














。 (3) 0.4 12) 日8 功一 ω 一(i) 1/.ぃ1.20.3 




















K，う4 図 29 排気管効果の利用範囲 (E←50)
図-28 排気管効果の減衰 (E-50)
(268) 
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On the Effects of the Special-Typed Intake Pipe System in a 




For the improvement of the breathing capacity of an internaJ combustion engine， itis most im-
portant to utiJize the dynamic effects due to the intake pipe system. AccordingJy， the present writer 
has performed the theoreticaJ and experimentaJ analysis on the matching condition in such dynamic 
effect， nameJy， inertia-effect or puJsation-effect， owing to the intake system with pJain pipe in a 
crankcase-compressed two-stroke cycle engine. 
SuccessiveJy， toinvestigate in detaiJ the e妊ectsof the intake system with stepped， hoJey or conflux-
pipe on the deJivery ratio， he has made a theoreticaJ anaJysis of the optimum condition of the dynamic 
effects by means of the inertia or impedance theory， determining the design method for such intake 
system. The results obtained are experimentalJy con五rmedwith a crankcase-compressed two-stroke 
cycle engine; that is， the maximum deJivery ratio occurs by the inertia-effect as in the case with the 
pJain pipe and such inertia-effect is governed by the folJowing expression 
ゐ8= :. JVkm{ll+ (去)らjμ
for the stepped-pipe 
Zibニ:.JVk明(山!(士+士)}!ft































平均クランク室容積 480 c 
圧縮比 8.16 
ポートタイミング給気孔 60S(T.D.C.) 















途中に開口径16mmゅの丸型ノズノレ④を挿入した。 i欠に給気流量 (Q)および給気比 (K)の算
出は次式によった。
Q=Cピ'f~-元五瓦;ι
ゆ=1-0.5246xl0-3 • .dh 
K = {Q.r1-;-1-乍.Nro/60} xl00% 
ここに， Q:実際の給気量 (cc/s)，Ca:ノズ、lレの流量係数，f:ノズルの間口面積 (cm2)，





















伊jを図-2に示す。図において，最大給気比を与える機関回転数 (NMJは段付管径 (d2) に比例
して高速回転倒に移行している。その反面，最大給気比の値 (KM)が順次低下するのでごく高
速回転 (N二三4000rpm)を除いては， 段付管を使用することは望ましくないようである。 しか
し， 29cmの給気直管 (llO1;)に段付管を取り付けた場合の実験結果(図-3)によると段付管は


























































人/ら 13/83 29/63 49/43 69/23 89/3 
Np， rpm 2650 2750 2750 2450 2100 





































百四 3α幻 N rpm 4000 








































L1P:圧力降下， Po:大気圧， Pk(tJ):クランク室内圧であり， 添字1は給気直管， 2は段付管
の状態をあらわす。
次にラ 給気孔が全聞のときの流入速度 (dxl/dt)明と任意聞のときの流入速度 (dxl/dt)との
比 s(が)= (dxl/dt)/(dxjdt)叫を用いると，任意給気孔開口面積における段付型給気管系の全圧力
降下 (L1P)は
L1P =与・(dxjdt)2・L;J./s2 (が) (5) 
で与えられる。さらに，クランク室容積 Vk(が)を平均クランク室容積 V加に近似し1うクラ
ンク室内圧 Pk(θ)を残留給気量 Gki=Pki"Vkm/RT，。と流入給気量 Gi=PoJ，.xl/RT，。の和から
Pk(が)= Pki+Po・K/ε (6) 
とおしここに， L;J.:段付管系各部の抵抗係数の和， Pki:給気孔開時のクランク室内圧， ε:
クランク室圧縮比(=v;止叫/V，) K:理論給気比(= J，.xl/V，)である。 さらに変数をクランク角
。に変換し dtJ/dt=ω(一定)とすれば (4)式は次の如く変形される。
d2K . ~ dK K d~; +2μ包7+zjf玄(印刷 (7) 
ここで，流動抵抗係数 μ8および慣性特性数 Zi8は次式で示される。
dK/dtJ 

















50 100 150 
L;(=.a，'f，s.2) L; cm 
図 15 慣性効果，脈動効果の同調条件




480 cc， 給気直管の断面積 f，=3.46cmを代入し， 給気管系の流動抵抗(気化器なし)として
ん8=0.6と見積ると，最大給気比を与える機関回転数 (NM)の計算値は一点鎖線となる。 これは
実験値ときわめてよく一致しており，最大給気比を与える条件式 (9)および(8)が妥当であるこ






























60 Q2 cm 90 
図-17 段付管給気管系の等価管長 (Ltl
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-20 2. 3 N rpm 4 >:103 
図-18 穿孔型排気管系の効果 (E-50)
-20 








































































23 (閉) h. T._1Q~/23 S.P.:給気直管 a: Liニ 13.5<63\I~JJ b: Li= 13.5<63 (閉j
・ー←一一一一一…
23 : Liニ13.5く'-~V.V'63 
長さ (x)が増加するにつれて最大給気比を与える機関回転数は順次低速側に移行しており，合


























LJP3= 与 •{(dx3/dt)/，仰)}• (xl3/di) (dx3/dt) 
で与えられるが，{(dx2/dt)/，民(fJ)}= {(dx，jdt)/，民(θ)}=const.りと云われているので上式は
LJP， = c・ん(dx2/dt)， LJP3 ニ C.l3 (dx，/dt) 
と書換えられる。さらに，合流点の条件から LJP2=LJP3と仮定した。ここに X:管壁摩擦係数，

















50 10 Li cm 150 
図-26 合流型給気管系の最適条件
















30 13 cmω 







tan (klj) = cot (kl，)十cot(kl3) 
一端閉(ん)の合流管に対しては
tan (klj) =一tan(kl2)+cot (kl3) 
(16) 
(17) 
















1/(Zi8)1r = .u~s+(180/di)2 (9) 
で与えられる。乙の場合の慣性特性数 Zi8はi欠式から求められる。
Zi8 = (ω/ai)・イ百可耳石田/f2)}/五 (9) 
(5) 段付型給気管系による脈動効果は， i欠式で与えられる脈動次数 qi，Qiで規定される。
qi = 15adNLi 
Qi = (1+θi1360)'qi 
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On the Effects of the Special-Typed Intake Pipe System in a 
Crankcase-Compressed Two田StrokeCycle Engine 
(2 nd Report) 
Norihiro Sawa 
Abstract 
For the purpose of obtaining design method for the intake system with cyclone cleaner in a 
crankcase吋compress己dtwo司strokecycle engine， the present author has made a theoretical analysis 
and a series of experiments on the effects of various factors in the intake system with cyclone cleaner 
for the optirnurn condition of the inertia or pulsation effect. 
Censequently， itis ascertained that the rnaximum delivery ratio depends on the inertia-effect in 
the same way as in the plain pipe and such inertia-e妊ectis governed by the following expression. 
























N=2700 r.p.m. および供試機関の給気管径め~21.5 mm併を設計基準値に選んだ。したがって
流入空気量は Q=Vh.KN/宇4500cc/sで与えられるのでサイクロンえの流入速度がむ四=15m/ 








記[ゐiρι×九ids βI c~ I c~ 必 Ic: I c:31 ~明 v明¢号 inchI cm2 I cmxcml inch cm2 I m  m C立1 I cm cm  m  m I m/s m/s 
C， 1/2 1.17 1X2 3/4 3.73 4.0 7.9 8.3 1.0 5.1 2.1 135 22.5 67 
C2 3/4 3.73 1.2X2.7 1 5.97 5.45 11.0 9.2 1.4 7.1 4.1 340 13.9 41.4 
C3 3/4 3.73 1.2x2.6 3/4 3.73 5.5 11.0 11.2 1.4 6.2 3.2 365 14.4 43 
C. 3/4 3.73 1.2x2.6 3/4 3.73 5.5 16.2 11.2 1.4 6.2 3.2 488 14.4 43 
C5 3/4 3.73 1.2X2.6 3/4 3.73 5.5 22.3 11.2 1.4 6.2 3.2 633 14.4 43 
C6 1 5.93 1.6 x 3.4 1'/. 10.06 6.7 13.5 13.7 1.7 8.2 5.2 625 8.3 24.7 
C， 3/4 3.73 1.0 )(2.0 3/4 3.73 5.25 11.0 11.0 1.4 7.1 4.1 214 22.5 67 
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B=D/4， H=D/2， J=D/4， L=2D， di=D/2， Z=2D， 8='3/4) Dむ関係ゆから求めた。 な
お実際の製作寸法は表-1の通りである〈図-2参照)0'同表には参考のため，流入が給気過程のみ
で行なわれるものと考えた場合の平均流入速度(hFTu)をも併記している。次に，平
均流入速度(り明)の影響を調べる目的で，流入速度が U同 =8.75および 22.5m/sのサイクロン
C.， C7，をサイクロンの集じん性能に直接的影響を与;える円筒部長さおよび容積の影響を解明
するためサイクロン C"C.， C.および C，を，サイクロンの大きさの影響を究明するため相





































































































































下している。 しかも管長がん=47.3cm (全長 Liこん+ん=61.4CD:l)ともなると，脈動効果によ






































よって給気比は大きく影響される ζ とがわかる。 かかる関係をより明確にするため，全長 (Li)'
を一定としサイクロン位置のみを変えた実験結果を纏めると図-14となる。図-14Aによると，












































0.4 1.2 1.6 
Li (~li+S+fs) cm 
図-17 給気管効果の同調






える機関回転数 (Np) を求め，サイグ沼ン型給気管系の全長 Li=(li+S十l8' 図-1および図-2
参照)についてプロットすると図-17となる。 なお，同図には直管型給気管系の実験値をも併
記している。(.印) さらに，慣性効果の同調条併式から計算される最大給気比を与える機関






















記号 :P:音圧， ~:粒子の変位， V:容積， l:管長，f:断面積，a:圧力伝播速度， ρ:
密度， 1(三 P/f・~) :音響インピーダンス， ω:角振動数，k=ω/a，。ニコa2持とおく
まず，サイクロンの流入側管系(ん，]i)における両端のインピーダンス I昔日んの聞には抵
抗を考慮しない管内の平面波動方程式の解から
L. = -t • __b_止盟L左辺竺生空L2 ]i -li1・tan(んk)+(s/]i) (1 ) 
の関係が与えちれる。じがるに，関口端のイジピ{ダンス(九)は零と近似(・:Pニト0)できるの
(298) 
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fでi欠の如く簡単となる。
ん =(s/!i)・tan(lik) (2) 
次に，サイクロン流出側管系(ん，fs)における両端のインピ{ダンス 181，182の聞にも (1)
式と同様の関係が成立つが，間端におけるインピ{ダンス(182)は 182=∞(・.・ 3干 0)と近似でき
るのでインピーダンス 181は
181 = (s/f8)' cot (l8 k)
となる。しかもサイクロン空胴部では音圧および体積流の連続条件が成り立つので



















cot (rl.j2Li) = πV/(2fiLi) 
















































3) C. 1. Starrmand: Engg. 22 (1949-10)， 409. 




8) 池森:機械学会論文集， 8，33(昭 17)，II-72. 
9) C. E. Watson: SAE Trans. 63 (1955)， 718 






On the Effects of the Exhaust Pipe System with Cyclone Cleaner 
in a Crankcase-Compressed Two-Stroke Cycle Engine 
Norihiro Sawa 
Abstract 
1t is generally known that the engine performance or the breathing capacity is largely governed 
by the blow-down wave in the exhaust pipe system and the present author has already reported the 
ef巴ctsof blow-down in the exhaust system with plain， stepped， conical and branch pipe in a crankca-
se-compressed two-stroke cycle engine 
Successively， in order to examine systematically the influence of the exhaust pipe system with 
a cyclone cleaner on the delivery ratio and obtain the design data on such a pipe system， he has 
determined the optimum condition of exhaust blow-down effect on the impedance theory. On the 
other hand， he has experimentally measured the amount of breathing air changing the various factors 
in the exhaust pipe system with a cyclone cleaner. Consequently， itis ascertained that the theoretical 
results correspond fairly well with those of the experiment， that is， the maximum increase of delivery 
ratio is due to th巴 blowdowneffect in the same way as in the plain pipe and such blow-down effect 
is governed by the following expression 
Zト二三里-L火ae ν 
where L~ is equivalent length calculated on the impedance theory. 










































シリンダ径×行程 52同X58mm ポートタイミング 給気孔 60S(T.D.C.) 
行程体積 123.2 cc 掃気孔 62.60 (B.D.C.) 
クランク室体積 370.4 cc (at B.D.C.) 排気孔 73.0 (B.D.C.) 






















n ふ~I ふ~Iム7 | ニょ | 也β子l ふ;:1ふl~1 ムl~1 ム;-1同m sL lm 
C1 11/4 1.6 3.3 5.28 10.06 6.5 1.7 13.6 13.7 1ぺ川 592 7 8 4.3: 8.521 21 C2 " 2.3 2.6 5.98 " " " 13.4 " ， 1 " I 585 " " " I 7.521 18.5 
C3 " 2.3 4.5 10.35 " " " " " " " " 7.4 " " 4.34 10.7 
C. 11/4 2.3 4.5 " 10.06 9 2.3117.8 17.3 12/4 13.56 10 7 " " 
C5 " " " " " " " " " 11/4 10.06 " I " " " " " 
C6 " " " " " " " " " 1 5.97 " " " " " " 
C7 11/4 2.3 4.5 " 10.06 10.4 2.6 19.9 20.2 11/4 10.06 ! 2238 8 11 8 " " 
C. 1 1.6 3.3 5.28 5.97 6.7 1.7 13.5 13.7 11/4 10.06 625 7.3 8.2 5.218.52 21 
CB 12/4 2.5 5.1 12.75 13.59 110.41 2.6119.9120.11 2 22.64 2238 8 11 8 3.53 8.7 












クロンの主要寸法は B=Dj4，H=Dj2， J=Dj4， L=2D 





みを変えたのがサイクロン C" C2， C3で，流出口面積
(尾管断面積)を変えたのがサイクロン C.，C引 C6，サイ
クロン容積のみが違うのが C"C5， C，であり，サイク 図 3 サイクロン断面図








給気量(読取顕微鏡)，排気ガス温度(アJレメ Jレ・クロメ Jレ熱電対)および機関トルク (UK型電
気動力計)を測定する。 これらの測定をサイクロン型排気管系寸度を広範囲に変えて，機関回




度 (ae)および等価管長 (L:)が挙げられ，サイクロン型排気管系す度の影響は等価管長 (L;)に
ついて考慮すればよいことがわかる。 そこで，サイクロン型排気管系として図-4のようにク
(306) 









X:体積変位， l:管長，f:断面積，{3=a2wk， k= 




























1 l'υ8C 1 rl・"8C /・υ8C -， 
九=否三瓦donV(θ).dtJ=再三両ζI~。に(tJ).dtJ十)長 Vk(θ).dtJI 
EO -u'-' - ..... L_苧 EO ・080 ・J
'f7' ， I時c一時o¥ 'h' 
= V cI¥ {j長三瓦-;FVk (4 ) 
ここに，に:シリンダ容積，Vk: クランク室容積，tJEO， tJeo， {1~c: 排気孔開，有効な掃
気孔開および間前のクランク角である。 次に，サイクロン入口のインピ戸ダンス 1~2 は (2) 式
と同様に(但し 1~，=le2) 
。1e2+({3!.刀)・臼n(.dι/L;) ム {3 1，d十({3グD・(.dle/L;)国 f~ ・でヨ戸瓦n (.dle/存汗政~-;f~ . -Ie2・(.dle/L;可R初ゴ (5 ) 
サイクロンを拡張室と同じように容積部 (V)と仮定すると，その入力インピーダンス 1v
は (3)式と同様に次式で与えられる。
1v=ρ・a2/V= {3・L;/V ( 6) 




lt1=ー (s/ft)・tan(Z.jL;) (7) 
となる。しかるに，体積流の連続条件から次の関係が成り立つ
1/ι= 1/1v+1/1t1 (8) 
よって， (2)~(7) 式から等価管長 (L;) の算出式として次の関係が得られる。
V r1ー(1弘/feL;)・tan(ι/L;) .:1ん fe1I 
立 cot(Zt/L;)一一一一=l ・ー ァー+J+~ !I f~L: -¥. tan(ι/L:l+ Vm/feL; L:' f; J / 
r 1ー (VmlfeL:l・tan(んIL;)fe .:1ι1 {一 一一v} (9 ) 
.¥ ta叫ん/L:l+Vm/feロ f;々J
なお， dL=与Oと近似できる場合には (fe二争点)
ご左cot(Z';L:lー -E-- ta叫ん/勾)十Vm/(feL:)、 (10) fe Le* ア JrT *¥ー 17 I 
となる。上式はサイクロン型排気管系寸度，すなわち尾管面積 (j;)， 尾管長 (lt)，排気管面積
(!e)， 排気管'長(ん)，サイクロンの入口面積(五)，入口部の長さ (.:1Ze)，サイクロン容積 (V)など






4.5x2.3 cm宇10.35cm2)のほかにサイクロン C1(A=3.3 x 1.6 cm干5.28cm2) および流入口高
さを変えたサイクロン C2(A=2.6x2.3 cmキ5.98cm2)を用いて実験を行なった。 その実験結
果の代表例を図-5に示す。 図において，流入口の寸度が違うが，その面積がほぼ等しいサイ








サイクロン流入口面積 (β)および尾管断面積(五)を一定とし， サイクロン容積 (V)を585
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The Study on the Combustion in a Crankcase-Compressed 
Two-Stroke Cycle Englne (1st Report) 
Norihiro Sawa and Shigenobu Hayashi 
Abstract 
To investigate the combustion characteristic of a crankcase-compressed two-stroke cycle gasoline 
engine in various operating condition-full load， partial load， and idling state-the combustion 
pressure in the engine cylinder is measured with a capacity-typed indicator changing the delivery 
ratio (K)， air-fuel ratio AIF， engine speed (N) and ignition advance (IJ勾)respectively. 
In this paper are observed and analyzed the fluctuation ratio and amplitude-fr巴quencydistribution 
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図 5 シリンダ最高圧の頻度分布 (E←50， K=75%， N=3000r.p.m.) 
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図-6 シリンダ最高圧の Pπ-Pn十 1線図
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図-7 燃焼状態に対する混合比，給気比の影響










6 8 At 10 
0桜閣回転数を変へ;i""実験値






























られる(図-9の上部 Pe= 111 mmAq， Pe = 130 mmAqの比較)。
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るととが考えられる。一般に 1回または 2回失火した次のサイク Jレの混合濃度 C明1， Cm2 は次
の如く表わされる。
C叫 =1ー (1ー可.)・(1ー守叫 } 


















[A/F] = (A/F)/[l+α(l/C時一1){1ー (A/F)/Lo}] (2) 
ここに， αは不完全燃焼の場合残留ガス中の CO，H2を燃料に換算し， これら換算せる燃
料と残留燃料 (Gfe)との和と，残留全燃料 (Gfr)との比を示す。
α= {Gfe+Gco (Lco/Lol+GH2 (LH.lLo)}/Gfr (3) 
ここに Gfe， Gco， CH，は残留せる燃焼ガス中の燃料(ガソリン)， CO， H2の重量であり，
Lo， Lco， LH2はそれぞれの理論必要空気量である。
α=1の場合は余分の燃料がそのままの状態で残った場合， すなわち GCO=GH，=O，Gfe= 
Gf，に該当し， 0>α>1の場合が，いわゆる不完全燃焼の場合に相当する。また α=0は A/F=
(324) 
クランク室圧縮2サイクノレ機関の燃焼lζ関する実験的研究(第1報) 325 









α=0.6の場合について実質的混合比[A/Flと混合比(A/F) 図 11 [A/F]-(A/Fl線図
の関係を求めたのが図-11である。また混合気濃度 (C制)との関係を図-10・(b)に示した。
図-10によると失火による C抗と [A/Flの変化，従って断続燃焼の機構がよく分る。たと
えば A(守8与34%[A/Fl=5)の状態において失火すると次のサイク Jレの混合気濃度 (Cm1) は57





また 2回おき燃焼の場合も全く同様であり，たとえばA'(C叫竺34%，[A/Fl~4) の状態から 1
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の最高圧力(オシログラムの振幅 mm)の頻度分希曲線を図-12に示す。 図において， シリン








N = 2970 r .p.m.一定の曲線において，最高圧力の振幅 (PfM)が PfM=85mm， 100 mm， 150 mm 
附近でそれぞれ山を生じている。この山は機関回転数が高くなる程，最高圧力の振幅 (PfM)の
大きい方に移行し，その値も高くなり，異常燃焼 (PfM=150 mm )附近の頻度は逆に減少して
(326) 
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The Study of Combustion in a Crankcase-Compressed 
Two-Stroke Cycle Engine (2nd Report) 
Norihiro Sawa and Shigenobu Hayashi 
Abstract 
In this report， to examine the effects of various operating condition on the combustion charac-
teristic， the propagating speed of the fiame， the ignition delay period and the trapping efficiency are 
measured by means of the multiple ionization gaps， the photo electric cell and gas analyzing method 
respectively changing the delivery ratio (K) air-fuel (AjF)， engine speed (N)， ignition advance (1.g) 
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，dt = l，/α×市 (sec)












































































































曲線と相似である。 しかし混合比 AjF=12 































































t I C-4/4 













と考えられる。 ζれらの影響をしらべるため，気化器開度を半開 (C-2/4)および 1/4開度 (C-
1/4)に固定して火炎伝播速度を測定しラその結果を図-11に示した。 これらの結果と，先に示
した(図 5)気化器全開 (C-4/4)の場合とを比較すると，高速回転 (N=2000r.p.m.)では火炎伝
播速度 (!S)が気化器開度の減少につれて順次低下しているが，これは給気比が低下し，残留ガ
スの割合が増加するためと推察される(図-5，および図-11のN=2000r.p.m.曲線の比較)。










結果を図-13に示している。図によると低迷回転(N= 1000 r .p.m.以下)では，点火進め角(が匂)
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Empiricist Viewpoints and Set-theoretical Analysis 
Y oshio Kinokuniyピ
Abstract 
Empiricist stand toward set-theoretical analysis is introduced to the e妊ectthat the use of ordinal 
numbers is to b巴 limitedto th巴 2ndclas at mosL The family of Borel sets is thereby n巴cessarily
given some revisions. Through some reconstructive problems， I1otions of theoretical noise and 
reflective effect ofaxioms newly come to b己involvedin argunients. In the final part，' the method 
of trans-induction is again taken up and is given some detailed discussions 
1. Reachabilitγ 
In practical observations， the number of samples is naturally exp~cted to be 
limited to五niteness. Hence it cannot be extended beyond enumerabilitチ 80，if 
we insist on this practical viewpoint， al limiting processes should be ascertained 
by enumerable steps. For instance， we wiU hereby assert: 
Destination R j • On a simple-ordered set of indices 1， ifthe formula 
limJ，=J 
，EI 
is assertively全osited，a ce:巾仇 subsequenceof indices 
(ι)止=1，2，ー.
must exist in 1 such that 
li?1Ju=J. 
This may be stated thus: the limit J is reachable by (J，小 Asis we11-known， 
the 3rd class ordinal number Q (say， that of the set of a1 ordinal numbers up 
through the 2nd class) cannot be reached by any enumerable stepping of numbers 
of the 2nd class. Therefore， the concept Q mUst be suppressed if Destination Rj 
is to be demanded. Thus we may start the empiricist theory in which are to be 
avoided a1 the ordinal numbers of higher classes than the 2nd one. 
In the empiricist view of inspection， the construction of an integral may not 
be more complicated than what is stated in the fo11owing: 






342 Y oshio Kinokuniya 
N= UNk， 
then we hα切
f(N) = t3f(P) for any Nc_二M.
PEN 
This is， as it is， a definition of the integral 
t3f(P)'). (1. 1) 
But， ithas never been from the first evident that we could consider the concept 
(1. 1) to be enclosed with such a simple constitution. 1t is just a destination en-
gendered by the empiricist process of inspection. Whatever destination emerges， al 
the limiting processes occured in it cannot be managed beyond the destination Rl 
and al dividing processes cannot be managed beyond the destination R2' as far as 
the empiricist viewpoint is to be conformed. 
On account of the above-stated situation， the destination R， (resp. R2) may be 
thought as a sort of reflector for the empiricist process of limiting (resp. dividing). 
1n e任ect，we are to encounter with more cases with similar properties， so that we 
may have the theory of r41ections on empiricist analysis， in which Destinations R， 
and R2 will be posited as Reflections R， and R2 respectively. 
2. Rough Destination 
Borel seお arede五nedas the sets which belong to the smallest family ~ of 
subsets of the given set (the finite dimensional Euclidian space， inour case) satisfying 
the following three conditions: 
(a) eveηI closed set belongs to ~; 
(b) if Mnε ~ for n=1， 2，…， then UMnE~; 
(c) if M正治 forn=1， 2，…， then nM，点~.
In the classic theory， making use of ordinal numbers， Borel sets are classified in 
classesおα，where α< Q， in the following manner: 
1. the class泊。 isthe family of al closed sets; 
2. for α=え+n>U，where A is a limit ordinal and n is a non-negative integer， 
the classおαisthe family of al sets of the form 
n Mk or U Mk 
k=l k=l 
according to whether n is even or odd， and sets M" M2' ・・ belong to classes of 
indices less than α. 
From the empiricist viewpoint， Borel sets cannot be accepted as making up a 
factual family， becauseちαmustbe laid upon the succession of ordinal numbers 
up through the 2nd class which are not reachable to Q by any enumerable stepping. 
However， the number Q may herein be regarded as a symbolical bound of processes 
devised over the 1st and 2nd class ordinal numbers， though they are not to make 
(342) 
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up a factual totaL Moreover， the multifariousness thus symbolically bounded by 
[.} may not be counted as beyond the density of continuum c_ Hence we may have 
ρ'::;;c (2.1) 
in the sense of symbolical use. On the other hand， itis clearly veri五edthat 
君。.:;c . 
These being so， itmay be permitted with no contradiction to the empiricist view 
that 
Q3"互c. (2.2) 
(2. 1) and (2.2) may be regarded as destinations in connection with the insertion 
of the symbolical bound [.} We adopt and specify such a process as“ρrinciple 
01 a rough destination". 1t is notable that reflections and rough destinations alike 
are the e妊ectsof the devices assumed for residual p町tsof descriptions. 
3. Noises 
When， fo:r any element x， one and only one of the following two cases， (i)
zεM， and (i) :どにM，is promised to occur， the set M is descriptive. Then， ifthe 
family of Borel sets is to be admitted as the infimum of families which satisfy the 
three conditions (a) through (c) cited in Section 2， itmust be regarded as descriptive. 
1n this case， for a set M， whether we can really know M to be a Borel set or 
not is essentiallly beside the question. However， itmay not be contradicted that 
such a promise of descriptivity is too abstract and too hypotheticaL 1n effect， as 
has already been referred to in Section 2， ifa set M is to be recognized as a Borel 
set when， and only when， there exists a 1st or 2nd class ordinal number αsuch 
that 
Mεおαヲ




1n this view， ifwe take the empiricist stand， the family Q3 may not be regarded 
as descriptive; hence the question of whether a set M is a Borel set or not will 
give a noise for our recognition. Thus we see that a theoretical noise is engendered 
in accordance with the situation in which we intend to manage a construction of 
objects. 
As has so far been stated， an empiricist cannot reach the density of continuum 
by any stepping of ordinal numbers. But， ifhe takes a real axis， he may not insist 
on any noise about descriptivity of the set of real numbers， the sum of which gives 
the density of continuum. 
(343) 
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In classic texts， itis stated that the theorem of we11耐orderingis deduced 
from the axiom of choice. But， an empiricist does not look at the situation in 
this way. As he gives up using of ordinal numbers beyond the 2nd classフ no
deducing connection can be found between the we11-ordering and the axiom of 
choice. Thus we see that any noise about the we11-ordering is engendered from 
the endless succession of ordinal numbers， and not from the axiom of choice itself。
4. Trans-induction 
In the previous paperぺtheauthor introduced the method of trans-induction 
and applied it to inductions of some important propositions. But， afterwards， he 
has come to feel discontented with the exposition therein given by him. So， in 
this place， he intends to give some detailed discussions about the trans-inductive 
mode to reconstruct the design of the induction *. 
When a property T relates to a set Y， the fo11owing two cases are distinguished: 
( i ) that Y satis五esT exactly means that every element of Y satisfies t; 
(i) T depends on some constructive relations between Y and its elements. 
In either case， ifT issatis五edby Y， we write 
YCT or TコY. (4.1) 
When (i) is the case， this means that 
(VxεY)(xct). 
Moreover， after (4. 1) occurs， there are distinguished two cases: 
(1) Y is yet extensible w. r. t. t， i.e. there exists another set Z such that 
YcZ and Zct; (4.2) 
(2) Y is inextensible w.r.t. t， i.e. there is no such set Z that (4.2). 
For an inextensible case we will conveniently involve the case where Y ctt. 
If the implication 
(Y: extensible w. r. t. t) 1> (立y)ωi.Y， YU {y} ct) (4.3) 
is promised， itgives a hopeful light toward the trans-inductive mode2). But this is 
not su伍cient，because an inextensible set may not always be reached by the only 




Ykct for a1 k= 1，2，・1
it is not always assured that the set 
デ=U Yk 
* Propositions previously demonstrated by means of trans-induction may stil be held unchanged. 
(344) 
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may be made inextensible. For an argument of this situation， abstract treatment 
seems di伍cult，so let us turn our eyes to an explicit case in the following. 
If 
Y C.t l> (Y is a basal system)， 
ゎis called a basaZ proper.砂・ Let us denote the span of a set Y (the smallest 
complete vector space which involves Y) by V y・ Fora given basal property .t 
and for a given set Z， we intend to seek for such a system Y that Y C.t and 
V y= V z (i.e. Y is an equivalent basal set to Z). In this case， we can succesfully 
take the following situation which is called a trans-inductive mode: if Y C V z， 
YC.t and yE V z-V y， then we may， by a practically exact procedure，五ndsuch 
an element y' that 
y'EVz-Vy 1 
and (4.4) 
T三{プ}u YC.t a吋 yεVY'. J 
If a trans-inductive mode with respective to .t holds in the space V z， the 
process {4. 4) is to be found possible unless Y is inextensible. Hence， the consum-
mation of the process (4. 4) must hereupon be found as the existence of an inex司
tensible set， which may be expressed as the limit of a sequence of extensible sets. 
This is a trans-induction (say， of progressiveかpe).
If by the trans五niteinduction， the processes (4. 4) are to be laid upon a suc-
cessive disposition of indices which are ordinal numbers. Then， on suppressing 
the property of well-ordering of the indication大theremay be left only the increasing 
state of indices， so that we may have 
(ヨ1)(1is a simple-ordered set)(V{， KE1)(Y，c V z & Y， c .þ)({~κ l> Y，c YJ. (4.5) 
In this case， the trans-induction will e旺'ectthe result that the set 
y = UY， (4.6) 
is inextensible. 
In the above-stated situation， we may not neglect the point that， ifa noise is 
promised to the proceeding of ordinal numbers， then it may be natural to expect 
that some noise shall be promised to the leaping from (4. 4) to the existence of an 
indication 1 with property (4.6). On this problem， itwill be specially notable that， 
there is no essential obstruction for the ensemble of sets (Y，) to be reachable (in 
the empiricist view) to an inextensible set Y. Besides， ifno factual reason is found 
to prevent the existence of 1， no noise shall be really destined for 1. 
5. Trans-inductive In6mum 
About a result of trans-induction on a basal case， itmay not always be assured 
* This rneans the set of indices. 
(345) 
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that the set Y of (4.6) satisfies t. A property T iscalled an integrant proper.か
if T satisfies the following conditions: (1) T isregressive， i.e. whenever Y(l)CZ(ll， 
Y(1)ct and Z(2)CZ(1)， we have Y(l) nZ(2)ct; (2) for any simple-ordered set 1， if
Y，c Y， for l~ KEI， and (VcEI) (Y，ct)， then U Y，ct. When to is an integrant 
property， the basal property T de五nedby 
t = (to & basal)， (5. 1) 
gives us the expectation that there may exist an equivalent basis Y to Y of (4.6) 
with respect to T such that 
Yct. 
By T we will indicate， in the sequel， a property de五nedby (5. 1). 




As the problem really occurs only when Y is a superbasis， Y will possibly be 
expected in the relation (5. 2). When Y is a superbasis， there may be found a 
family of superbases (1九)刷 witha simple-ordered indication A such that 
yλコY"whenever À~ t (εA). 
Then， on replacing the family (Y，) shown in (4.5) by the family (Y，) defined as 
Y， = YnY， 
with 
Y = nY" 
we have 
Y，cYκE二YcYμCl九
whenever c ~ K (ε1) and À~ μ(ε A). In this case， itis readily seen that 




If Y is a superbasis again， starting from Y instead of Y， a similar process 
will possibly be taken. So we adopt this situation as a trans-inductive mode and 
demand the conclusion that Y is a basis of V y・ Thisis also a trans-induction 
(say， of reg何 'slve砂pe). The basal set Y hereby resulted， will be called a trans-
inductive infimum. 
Y isnot an usual infimum， because it is assigned basalness to be provided for 
its existence. This may be thought as a modality which consists of inference of 
the formulas (5. 3) through (5. 5) and the conclusion such destined for the objects 
as couched in the above， and which may be established in the behavior that any 
(346) 
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noise is to be suppressed unless it is a factual one to obstruct the induction_ 
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A Summary of His Life and Faith 
Naoshi Koike 
Abstract 
Before the Second World War the name of Kanzo Uchimura was hardly spoken of. After the 
war， itseemed that people were behind the time if they did not talk about him. Uchimura was 
once called a national traitor while on the other hand he was called a prophet also. Why was he 
so called? It was because he loved his country as much as truth， therefore he fought for righteous-
ness. From the Meiji Era (1868-1912) up to to-day perhaps no one has had a more remarkable 
influence on Japanese spiritual history than Uchimura-his approach to life and faith was so unique. 
1 would like to show how he got his faith and how he fought to preserve this faith during his life. 
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1) INTRODUCTION 
There have been but a few people in modem Japanese history to be com・
memorated by a centennial anniversary. In 1961， the centennial anniversary of 
Kanzo Uchimura (1861-1930)， a Christian reformer was commemorated throughout 
Japan， not only by Christians but by the Japanese people in general. As he had 
exerted a great influence on the people' s thought and faith after the Second W orld 
War， most of the newspapers participated in his centennial anniversary praising his 
incorruptible life and faith. Since the Meiji Era Uchimura alone has been com-
memorated by a centennial celebration. Uchimura was better known in Europe than 
in America due to his book “Wie ich ein Christ wurde." (How 1 became a Christian.) 
Some critics have said that the only real Christian in Japan was Uchimura. There 
are foreign students now studying the thought and faith of Uchimura at Tokyo 
University for their doctor's degrees. Directly after the war， the govemment and 
the people of Japan began to pay more respect to Uchimura and leam the thoughts 
and faith of Uchimura despite the fact that they had once called him a national 
traitor.1) The govemment issued postage-st釘npsin commemoration of Uchimura 
and furthermore his essays are now used in high school textbooks. Some of his 
students were invited to the Imperial Palace to give lectures before the Emperor 
on his thoughts and life and faith. Also there have been a number of radio 
and television dramatizations of his life and faith. Even on children's playing 
cards is written “Kanzo Uchimura is a lighthouse of the mind."2) After the war 
many of Uchimura's students gained prominent positions in Japan， for instance， 
the position of Grand Chamberlain， the Minist巧Tof Education， and the presidency 
of Tokyo University， etc. 1 would like to attempt to make a sketch of the remark-
able experiences in his life and faith with which 1 came in touch. 
2) EARLY LIFE AND SCHOOLING 
Kanzo Uchimura， the eldest son of a Samurai， warrior， was bom on March 
23， 1861 in a tenementhouse in Edo (Tokyo) which belonged to the clan of Taka-
saki of Gunma Prefecture. His father Y oshiyuki Uchimura was a good Confucian 
scholar， who could repeat from memo可 almosteveηpassage in the writings and 
sayings of the Chinese sage. Uchimura could write his own poetηin Chinese 
Characters as well as in Japanese and English， since the education in early Japan 
was mostly reading and writing of the Four Books and Five Classics of confu-
cianism and practicing calculation with an abacus in the old-fashioned system. The 
influence of Confucianism in Japan is a produt of the early phase of Japanese 
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history when Chinese culture was imported into the country over五fteenhundred 
years ago. Uchimura， as a young boy had to worship and pray to al the gods of 
heaven and earth according to the old traditional Confucian custom. However he 
could not endure such complications. He mentioned in his writings，“Every mom-
ing as soon as 1 washed myself， 1 0旺eredthis comnion prayer to each of the four 
groups of gods located in the four points of the compass， paying special attention 
to the eastem group， as the Rising Sun was the greatest of al gods. Where 
several temples were contiguous to one another， the trouble of repeating the same 
prayer so many times was very great; and 1 would often prefer a longer route 
with less number of sanctuaries in order to avoid the trouble of saying my prayers 
without scruples of my conscience. The number of deities to be worshipped incre-
ased day by day， til 1 found my litle soul totally incapable of pleasing them all. 
But a relief came at last.円 3)
3) ENTRANCE INTO THE SAPPORO AGRICULTURAL COLLEGE AND SUB-
SEQUENT CONVERSION TO CHRISTIANITY 
In September of 1877 Uchiml乱uraentered the Sa叩pporoAgricultural Colleg酔e'ザ4叫)
Sapporo， Hokkaido which is the predecessor of the pr田 entHokkaido University. 
One year before this， William Smith Clark5) (1826-1886) was invited from the 
United States to become the head instructor of the college. Dr. Clark who taught 
the Bible as the basis of morals for the students， left a great Christian influence 
at the college although he stayed only eight months in Sapporo. When Clark left 
Japan he said:“Boys be ambitious !" to his students which encouraged young men 
very much. During his schooling there， Uchimura was converted from paganism 
to Christianity and on December 1， 1877ラ hesigned his name to the “Covenant 
of Believers in Jesus" with his classmates. On June 2， 1878 he was baptized by 
Merriman Colbert Harris (1846-1921)， an American Methodist missionary in Sapporo・
He named himself Jonathanぺbecausehe was a strong advocate of the virtue of 
friendship， and Jonathan's love for David pleased him well. In college he majored 
in ichthyology because he wished to help Japan in her fishing industry as she is 
surrounded by seas on al sides. Uchimura would absolutely keep Sunday as the 
Lord's day， he neither studied nor played even while others studied for examina-
tions which would start on the next Monday. Nevertheless he was always at the 
top of his class.7) On July 9， 1881 he graduated from the college at the head of 
his class， making a graduation speech on“Fisheηas a Science" which deeply 
impressed the whole assembly. He received the degree of “bachelor of Agriculture". 
In 1884， at the age of 23 years Uchimura made a classi五edlist of over 610 
of the fishes which inhabit the waters around Japan， according to the order of 
taxology of those days. He did this while he was working at the Ministry of 
Agriculture and Forestry. The list is stil at Hokkaido University as the五rst
classi五edrecord of the J apan五sheries.") This required a very great effort on the 
part of Uchimura because there was neither a perfect library nor su缶cientlabora-
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tory facilitis in those days. At that time it was a perfect record. We admire his 
observant and uncommon efforts. If he had continued studying ichthyology as 
a speciality from that time on he perhaps might have become a world famous ich四
thyologist. But， inscrutable are the ways of Heaven， he was too proud to hold 
a post in the government; he was made a五sherof men， not of animals. (Matthew 
4: 19.) 
4) ESTABLISHMENT OF AN INDEPENDENT CHURCH 
After graduation he worked for五shreproduction under the Commission of 
Colonization in Sapporo for about two years. At the time he and his Christian 
friends established the Sapporo Independent Church. At first John Correl Davision 
(1843-1928)， an American Methodist missionary， helped them through his own 
church with a $ 400 fund for establishing their church in Sapporo. However， later 
the missionary requested them to pay it back because he did not like the idea that 
the church would be independent and therefore would not be a part of his sect. 
Uchimura and his friends became enraged at Davison， because for them， the Lord 
was one and consequently the faith must be one. They cauld not understand why 
a church must belong to any sect other than universal dependence on brotherly 
love in Christ. The young men in Hokkaido， were naive and simplehearted， and 
their faith was as fresh as Lake Galilee. Especially Uchimura， the son of a Bushi， 
had a backbone of independence and freedom. He would rather have chosen death 
than loose his independence. Consequently Uchimura and his friends paid back 
the事400to the missionary in instalments from their small salaries by a great 
sacn五ce. Uchimura's primary concern was not belonging to certain sect， but rather 
what kind of Christianity is su血cientin order to save mankind.') 
5) MARRIAGE， DIVORCE AND DEPARTURE TO THE UNITED STATES OF 
AMERICA 
On March 28， 1884， Uchimura married Take Asada. The beginning of their 
marriage life was very happy. However， itended unhappily. Because he was 
such an earnest believer in Christ， always converting and praying， itis told that 
she could not put up with him and his penitential ways. Unhappily she had an 
immoral relationship with another man， an a任airwhich made Uchimura deeply 
grievous， and despondent. He五nallyhad to divorce her after seven months of 
marriage. After the divorce， on November 6， 1884， he left Japan for the United 
States of America to heal his broken heart， and to deepen his purpose in Christi-
anity. He landed in San Francisco on November 24， 1884. Concerning the reason 
of his divorce， Uchimura wrote a letter in detail dated Oct. 27， 1884 to Prof. 
Kingo Miyabe of Hokkaido University， who was his classmate and his bosom friend 
in the faith， that he had五nallydecided to divorce his wife， according to his con-
science and the Bible. He wrote a great number of works on the Bible and on 
faith， but never ~did he 0伍ciallymention the divorce in his writings nor did he 
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excuse himself even though he was misunderstood and accused by some people. 
1t was too personal a problem to give a response to the world so he left every-
thing to God. Perhapsフ“明Thoeverdivorces his wife， except for unchastity， and 
marries another， commits adultery." (Matthew 19: 9.) would be the Biblical apology 
for such a divorce.JO) 
6) WORK IN THE PENNSYLVANIA INSTITUTION FOR THE FEEBLE 
MINDED 
From January to July of 1885 Uchimura worked as a male nurse at the 
Pennsylvania 1nstitution for the Feeble Minded. At this time he developed a deep 
love and Christian friendship through nursing de五cientpeople. 1n the four buildings 
of the institution there were housed over 460 patients. Issac Newton Kerlin， (1834-
1893) the director of the institution， was very kind to Uchimura. He gave him 
a private room and let him start taking care of the lowest level of idiotic children 
so that he could gain an understanding of the characteristics of al levels of intel-
legenceJJ). He took charge of 22 children there， helping to feed and bathe them， 
and helping them to leam to make their beds and dress themselves. It was not 
an easy job for him. He himself sometimes had to abstain from food in order to 
train bad children. During this period he seemed to have felt his own righteous-
ness on account of his charitable works. Consequently he became very much 
disturbed about his inner life， trying both to be delivered from his sense of sin 
and also trying to overcome his own haughtiness and selfishness. 
Uchimura mentioned: 
“Let me here note that 1 entered a hospital service with somewhat the same 
aim as that which drove Martin Luther into his Erfurt convent. 1 took this step， 
not because 1 thougnt the world needed my service， in that line， much less did 
1 seek it as an occupation， (poor though 1 was)， but because 1 thought it to be the 
only refuge from “the wrath to come，" there to put my flesh in subjection， and to 
so discipline myself as to reach the state of inward purity， and thus inherit the 
kingdom of heaven."J2) 
On June 24， 1895， he wrote a letter to Joh NiijimaJ3) : 
“You know， 1 am not mine， but the Lord's. The greatest enemy to me at 
present， isnot poverty or mean labor， but my selfishiness-my depraved， deceitful， 
haughty heart. Even my philanthropy is very frequently nothing but a cloaked 
form of pride and approbativeness. 1 get astray (sic)， not so much because my 
temper但nentis such (as some of my friends accuse me) as the fear that 1 am 
going on my way， and not the Lord'S."J4l 
Although this work in the 1nstitution gave him a deep sympathy for idiotic 
children and an interest in the works of benevolence， he could not find true peace 
within himself. His life's ambition was to die to himself and to live again as 
a new man in Him by faith alone. “A man is justified by faith apart from works 
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of Law." (Romans 3: 28.) His real cogntion of the atonement of his sin in Jesus' 
Cross was recognized after he entered Amherst College. (cf. No. 7， Entrance into 
Amherst College.) 
Recently 1 found a small hymnal “Our Praise Meeting" (F. S. Hickman， 
Printerラ WestChester， Pa.) signed by Uchimura. The following words are taken 
from the dedication，“To the Chi1dren of Pennsy1vania Training Schoo1，" by Issac 
N. Ker1in: 
“The se1ected hymns are the most precious and e10quent in our language... 
every one who must leave Elwyn shou1d take one， that he or she sing these sweet 
songs and read these Bib1e selections..." 
“Use the litle book carefully， tender1y， and prayerfully， and it will do for you 
a1 and more than best wishes and words of your old friend and teacher." 
Issac N. Kerlin. 
Elw戸1，Janurary 1， 1892. 
7) ENTRANCE INTO AMHERST COLLEGE 
In September 1885， he entered Amherst Co11ege in Amherst， Massachusetts. 
He graduated from the co11ege in Ju1y of 1887， receiving a Bachelor of Science 
degree. At Amherst Co11ege through the guidance of President Julius Hawley 
Seelye15) (1824-1895) he firm1y grasped the meaning of faith for the atonement. Uchi-
mura often told us that President Seelye had been a man of high nobi1ity， and 
great character， and deep faith; and that See1ye who 10ved him， a1so he1ped Uchi-
mura in his faith， as well as白mncia11yin some ways. 
The meaning of Kan-Zo， Chinese characters which were given by his father 
were examined to eva1uate his character by Uchimura three times a day in accord-
ance with the Confucian teaching. (Kan means examine oneself， Zo means three 
times.) So Uchimura was further influenced towards a sensitive and introspective 
disposition through his father's Confucian heritage. 
Often Uchimura told us that he had once visited President Seelye， and he had 
appea1ed to See1ye that he could not get rid of his sins by any means. “O 
wretched man that 1 am! who sha11 deliver me from the body of this death?" 
(Romans 7: 24.) was his lament. See1ye answered Uchimura，“Why do you a1ways 
100k only within yourself? Look at this tree in the flowerpot， pointing to the 
tree， that is growing bigger and bigger by constant watering and 1ight of the sun. 
If you pull up its root to examine how much it grew day by day 1ike chi1dren 
do， itwou1d soon wither and die. Similarly， ifyou look at outside of yourself 
and tum your eyes toward Christ on the Cross who atoned for your sin， instead 
of examining within yourself and wait patient1y， then you would have peace in your 
soul." Then Seelye pointed to his late wife's picture which hung on the wall in 
his study and said with tears in his eagle-like eyes that he would see her again in 
Heaven， God willing. These words of Seelye aided him great1y in his means of 
atonement. Forthwith he believed firm1y that no man is justified by the law in 
the sight of God， for， the just sha11 live by faith. (Galatians 3: 11.) 
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N. B.， 1).Uchimura told us: Calvin Coolige (1872-1933)， 30th President of the United States was 
a clas behind him at Amherst College. 
2). Dr， Calvin H. Plimpton， present President of the Amherst College， sent me a leter 
dated Nov. 13， 1963，…“We are indeed extremely proud of Kanzo Uchimura， and many 
people visit us here merely to se the sights he saw， and stand where he stood..." 
1n his diary， he mentioned as follows: 
“Very important day in my life. Never was the atoning power of Christ 
more clearly revealed to me than it is today. 1n the cruci五xionof the Son of 
God lies the solution of al the di伍cultiesthat bu旺etedmy mind thus far. Christ 
paying al my debts， can bring me back to the purity and innocence of the first 
man before the Fall. Now 1 am God's child， and my duty is to believe Jesus. 
For His sake， God will give me al 1 want. He will use me for His glory， and 
will save me in Heaven at last."川 (Diary，March 8， 1886) Being shaken by the 
turmoils of intemal schism， sinful notions and uneasiness of soul for a long time， 
Uchimura五nallybecame a man of peace and hope. 1t had been nine years since 
he had encountered Christianity for the五rsttime in Sapporo. 1n his diary of April 
15th ef 1886， he had written his joy: 
“o what joys and peace in Jesus， joys in loneliness， joys in friendlessness， yea 
joys too in sinfulness. 0 my soul， cling to this precious truth， and tum thy whole 
attention to it!"川
8) RETURN HOME AND HlS WORK 
1n September 1887 he entered the Hartford Theological Seminary， Hartford， 
Connecticut， but had to leave the seminary in January 1888 due to illness. More-
over， he did not care to stay there for what he considered， dry-as-dust theological 
discussion in a carefree life. Should he succeed to take in al the theologies of 
Christendom， he would not add to his name that ponderous title designated by 
double D's. He said: 
“Rather disgusted with works in the recitation rooms. We discussed upon 
hell and purgatory in New Testament exegesis， and on equally unsubstantial subjects 
in Apologetics. Spiritless Theology is the driest and most worthless of al studies. 
To see students laughing and jesting while discussing serious subjects is almost 
shocking. No wonder they cannot get at the bottom of the Truth. 1t requires 
the utmost zeal and eamestness to draw life from the Rock of Ages."同 (Diary，Oct. 
12， 1887.) 
“1 am seeking for a higher type of morality than“must." 1 am hungering 
after the morality that cometh from God's grace. But such a morality is denied 
not only by the majority of mankind， but ve可 litleseems to be believed in by 
the students and professors of theological seminaries. 1 do not hear anything new 
and different within these sacred walles from those which 1 hear outside. Confucius 
and Buddha can teach me the largest part of what these theologues are presuming 
to teach to the heathen."川 (Diray，Nov. 3， 1887.) 
His only ambition was to save his motherland and her people by the gospel 
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in the Cross， and he sailed for his home from New Y ork， 1888. He once told us 
that an American lady missionary had asked him on the deck，“Y ou studied very 
well， but who paid your school expenses?" Uchimura felt she was a rude woman 
to ask such a question， so he pointed up toward Heaven with his right hand in 
siler1ce. The lady， then ashamed of her impoliteness， and rushed into her cabin. 
He arrived at his home in Tokyo May 16， 1888. On July 31， 1889 he married 
Kasuko Yokohama， his second wife. At this time he taught history， biology， marine 
science and English at several schools and institutes. However， wherever he went 
he met ostracism due to his faithfulness to righteousness， and since his conscience 
could not take a compromising attitute toward the vague people around him， and 
since he could not shut his eyes to the idolators， namely the worshippers of poly-
theistic Shintoism and more specially of the Emperor. From 1897 to 1903， he 
was a leading writer for the Yorozuchoho Newspaper， through which he severely 
criticized and attacked the unrighteousness and immoralities of clan govemment， 
military dictatorship， plutocracies and the corrupt societies of his country. He did 
this in his unique curt style both in Japanese and English. For this， he was some-
times called “a Thomas Carlyle in Japan." Shigenobu Okuma， the premier at that 
time said，“Uchimura would eat rice mingled with his tears，" as he was so full of 
righteous indignation and could not compromise with corrupted societies even one bit. 
Uchimura was a man with the immovable conviction that righteousness is greater 
that the nation， and that only the nation， which is based on righteousness， would 
be prosperous. He named his五rstgranddaughter，“Masako" (righteous girl)， with 
hopes that the righteousness would be carried out in the days when the girl would 
grow Up.20) 
9) LESE-MAJESTY AFFAIR 
On January 9ラ 1891，when he was an instructor of history and English at 
The First High School (present Tokyo University)， al instructors and students 
were requested by the principal to make a personal profound bow at the school's 
obedience ceremony， before the Emperor Meiji's signature on the 1mperial Rescript 
on Education. All the instructors and students respectively bowed before it worship-
ping the Rescript， with the exception of only Uchimura， who said that the rescript 
dictated the ethics of the people， and therefore， should be neither bowed to nor 
worshipped; although it should be carried out as the people's morals. Uchimura 
could not bow before it because of his faithfulness to the commandment of God， 
"Thou shalt have no other gods before me." (Exodus， 20: 3.) 1t was done in public 
before over 1000 students and 60 professors.21) The whole school and al the news-
papers in Japan propagated and proclaimed this incident as an infomous case of lese-
ma:jesty. Uchimura was known as a national traitor eveywhere in Japan， and many 
times people threw stones at his house as they passed by. Moreover， he was 
dismissed from his teaching post. When he travelled， no hotel would afford him 
a bed unless he changed his name. Due to these unfortunate circumstances， his 
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second wife Kasuko became sick and shortly thereafter passed away. Uchimura 
himself was also a自ictedby nervous prostration for some time and suffered from 
msomma. 
1 will explain rather in detail about the 1mperial Rescript on Education. 
Before the war the Emperor was considered a living god who came from the 
divine lineage of 1se by both the govemment and the people. The rescript itself 
was promulgated by Emperor Meiji on October 30， 1890. 1t began，“Know ye 
Our subject: Our 1mperial Ancestors have founded Our Empire on a basis broad 
and everlasting.. .in about 250 words， ifwe put it in English， itdictates the 
nation's morals. A copy of the rescript with a picture of the 1mperial Family was 
given to each school throughout Japan， and al students and professors were ordered 
to make a profound bow whenever the rescript was being read by the school 
principal or any recognized authority. The reading required several minutes and 
during this time the people had to listen to it as the categorical imperative， bowing 
silently and solemnly. For small children， itwas not so easy to avoid sneezing， 
couching and yawning in a long profound bow. So， as soon as it was read through， 
al the listners used to clear their throats and sni正 Thesafekeeping of the rescript 
and the 1mperial portrait was urged seriously by the authorities. There are stories 
of school teachers on night-duty who met death in the flames while trying to save 
these objects from chance五res. Later， most of the schools bui1t isolated depository 
shrines for them in order to avoid the accident of buming them. When 1 was a 
teacher of a primary school in Tokyo， a deposi tary shrine was built just by the 
side of the front gate. All the teachers and pupils had to take off their hats and 
caps to make the profound bow before it whenever they went back and forth. 1t 
became such a bother that some teachers and pupils would enter the school from 
the back entrance or over the fence. 
1n 1921 an amusing incident happened to me， when 1 was a student of Aoyama 
Teachers' College in Tokyo. Each student， one by one， had to go up on the plat-
form in the ethical class-room at each ethical lesson for reading practice of the 
Rescript before about 50 classmates. One moming， upon my turn， when al 
my classmates were making a profound bow， 1 wanted to try to read it more 
rhythmically， in the old president's way of intonation， as he used to read at the 
various ceremonies. 1 modulated the五rstone or two lines musically as was the 
old president's way. When the whole class began to giggle， 1 myself also had to 
and soon 1 could not continue any further reading; 1 even pinched my side several 
times to avoid chuckling. There was a litle silence， and at that time 1 remember 
fearing very much that 1 might be charged with Lese-majesty， as Uchimura had 
been. However， the instructor himself， who was unable to keep back his laughter， 
let me go back to my seat. 羽Thatempty formalism it was! 
1n the guise of worshipping the Emperor， a militaristic and bureaucratic govem・
ment started the reckless war that finally overthrew their motherland with uncondi-
tional surrender at the sacri五ceof countless brothers and sisters. Uchimura often 
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wamed during his lifetime that Japan would be ruined in 50 years， ifshe con幽
tinued idolistic worship. And his prophecy became true 15 years after he passed 
away. After the war， the rescript was stricken from the ethical textbooks， moreover 
the profound bow was naturally dispensed with; the new constitution gave the 
people freedom of selection of their religion and worshipping. However， there is 
stil some tendency toward to look backward to the worshipping of idols， due to 
the long and ancient traditions of their ancestors. Before anything else， we must 
correct these false habits in our traditions in order to love the truth itseH and 
have courage， nothing daunted， in the faith in righteousness， truth， and humanity. 
After several weeks of grief due to the lese】majestya妊air，Uchimura regained 
courage in his faith and conviction for the truth and for justice with the help of 
his old classmate in Sapporo， Kingo Miyabe. On December 23， 1892， he married 
for the third time. The name of his wife was Shizuko Okada， a daughter of 
a judge in K yoto. His third wife shared his fate til his death; though he seems 
to. have been somewhat lonely with her. In the summer of 1928 when 1 left for 
America， he suggested to his wife to give me a farewell present， but she replied 
negatively and he had to obey her. She was rather a scrimping woman as she 
often had to experience dire want. 
10) THE CLAIM OF PACIFISM AND SUBSEQUENT OSTRACISM 
In January of 1897， Uchimura had accepted the offer to become an editorial 
writer in the Yorozuchoho Newspaper. 
From June to October 1903， the last ye町 beforethe outbreak of the Russo. 
Japanese war， Uchimura proclaimed vehemently against the war from his Christian 
standpoint， writing essays on his五rmconviction of paci五smin the Y orozuchoho 
Newspaper. At this time al Japan， even the so.called leading Christians advocated 
the war.22) His paci五smgained the confidence of the gospel spirit. He said that 
if the enemy would attack us with arms， we would conquer them with the power 
of love， but without arms. For him to lose is to win.23) However， at that time 
of crisis， nobody in al Japan spoke against war except Uchimura. Indeed for him 
was always-"I am not ashamed of the gospel of Christ". (Romans 1: 16.) a line 
which he had once written in the front page of my own Greek New Testament. 
He cried for the principle of non田resistancebased upon the words of the 
Bible.24) Some of which were as follows: 
1. Hosea 1: 7. 
2. Thou shalt not kill; and whosoever shall kil shall be in danger of the 
judgment. (Matthew 5: 21.) 
3. Put up again thy sword into its place: for al they that take the sword 
shall perish with the sword. (Ibid.， 26: 52.) 
4. Love your enemies， and pray for them that persecute you...(Ibid.， 5:44-48.) 
5. Ibid.， 24: 4-51. 
6. Blessed are the peacemakers: for they shall be called sons of God. (Ibid.， 
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5: 9. 
7. Ibid.， 5: 38-42. 
8. Ibid.， 24: 4. 
9. Ibid.， 3: 3. 
10. Whosoever hateth his brother is a murderer: and ye know that no mur. 
derer hath eterna1 life abiding in him. (1. John 3 : 15.) 
11. He maketh wars to cease unto the end of the earth; he breaketh the 
bow， and cutteth the spear in sunder; he burneth the chariots in the五re.
(Psa1ms 46 : 9.) 
12. Isaiah ch. 2. 
13. Ibid.， 2: 22. 
14. Romans 2: 16. 
15. John 16 : 8.
16. 1. Thessa10nians 5 : 3. 
17. Isaiah 52: 7. 
18. Hosea 2: 18. 
The pub1ic opinion of the time was strong1y against him. He had to resign 
from the paper in order to make his standpoint clear as he cou1d not make any 
compromise with war advocates. Former1y he had 10st his teaching post because 
of the 1ese.majesty a妊air，and now he had to 100se the editorship because of his 
pacifism. No one wou1d he1p him， and again stones were being thrown at his house 
by into1erant patriots. He was surrounded by foes on al sides and was forsaken 
by his friends， being called a traitor by his countrymen again. His五nancialsitua. 
tion became veηdi伍cult，and sometimes he was hard pressed by hunger. How-
ever， he wou1d not allow himself to run into any debt because he didn't want to 
10se his independence. For this reason， his third wife often had to visit the pawn-
shop with her bride's kimonos. He told us there were three times in their 1ives 
that he and his wife had made up their minds to die by starvation. One time 
when he had no money except for a few pennies， he entered his private room and 
prayed for help earnestly， and the following day he received a check for 1000 
marks from D. Gundert， a pub1isher in Stuttgart， Germany as the royalty on the 
translation of his work，“Wie ich ein Christ wurde." What a wonderful thing! 
Uchimnra told us that it was a divine providence and an example of the power 
of prayer. 
11) A MAN OF INDEPENDENCE 
Uchimura was entirely a man of independence， and hated to cater to peers， 
rich men or the depraved public taste or plutocrats-so unlike many ordinary Christ-
ians. He was the son of Samurai; he betrayed no weakness before them even 
though he was starving but gloried honorable poverty. Indeed， the Bible and 
prayer were his only two weapons， with which he won practically every difficult 
situation in his life. “The birds of heaven，"25) and “the lilies of the五eld，"26) were 
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Uchimura's fond theme， and the unwavering faith in his life. 
His evangelical work had no connection with foreign missionaries， he received 
neither五nancialassistance from them and no other help either. He said that there 
could be Japanese Christanity which is not a Christianity peculiar to Japan， but 
the Christianity received by the Japanese directly from Jesus， God and the Holy 
Ghost. Perhaps this is one of the reasons why he was disliked by the missionaries 
and was called nationalistic. However， in this sense， he said there could be an 
American Christianity， German Christianity， Swiss Christianity， English Christianity 
and Scotch Christianity， etc.， quoting-“There is a spirit in man: and the inspira-
tion of the Almighty giveth them understanding." (1ob 32: 8.) 
In April 1913 Uchimura wrote this poem under the theme “Independence. "27) 
お10rethan gold， 
More than honour， 
More than knowledge， 
More than life， 
o thou Independence! 
o ye kings. 
o ye princes， 
o ye bishops， 
o ye doctors， 
Ye are tyrants! 
Alone with Truth， 
Alone with Conscience， 
Alone with God， 
Alone with Christ， 
1 am free! 
12) DEATH OF DAUGHTER 
Uchimura had only one daughter， Ruth， and a son， Yushi. Ruth had been his 
only comforter and friend during the period of severe accusations and oppressions 
caused by the Lese-Majesty Affair and his arguments against the Ruso-Japanese war. 
The reason he had named his daughter “Ruthぺwasshe was born soon after 
he had published his lectures on the “Ruth" of the Old Testament. She passed 
away in 1912 at the age of eighteen due to illness. Through her death， Uchimura's 
faith in the “Second Advent of Christ" became deeper and stronger. He himself 
presided at his daughter's burial service at Zoshigaya graveyard， in Tokyo. And 
when her co伍nwas being lowered into the ground， he cried “Ruth， banzai，" mean-
mg“hurray" for this maiden's truimphal return to Heaven， while the attendants 
were smgmg “Rock of ages cleft for me， let me hide myself in thee.. ."， and he 
threw a handful of clay on the co伍n!8)
The attendants were surprised and some of them thought that he might be 
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becoming mad... of cause， this was not the case. The death of his daughter was 
so grave and solemn for him that he naturally had to cry“hurrayぺforhe thought 
that she had overcome the wor1d through her death. He said，“Ruth is married 
to Heaven being de1ivered from impurities of temptation and sin in this wor1d." Her 
death was in Divine Providence an event to make him stil more decisive to become 
an evange1ist. On Ruth's 16th memoria1 day， January 12th， 1928， he to1d to a friend: 
“If Ruth had not passed away， 1 wou1d not have become an evange1ist. God's 
ways are sometimes very fearfu1 and strange. Ruth's death was necessary to drive 
me out to a vast fie1d of activity， she is trying a great misson work through 
myself. These who had not experienced to have 10st their own chi1dren might not 
understand Christ's second coming; even though however many theo1ogica1 books 
they wou1d read. God 1et me pay a high price in order to know this great truth 
of the Second Coming， bodi1y 10sing her， and 1 was given many daughters in 
spirit.. ."29) On January 12th of every year in memory of Ruth， Uchimura used to 
donate some amount of money to Kaishun Hospita1， a 1eprosy asy1um in Kuma-
moto City.30) 
Following is a copy of the title page of his book， SHOKAN JUNEN (Impres-
sion for Ten Years) which he dedicated to his daughter， Ruth. 
TO MY DEAR RUTH， 
A COMPANION OF EIGHTEEN YEARS 
THROUGH THICK AND THIN OF STRIFES 
THESE羽TORDS，PENNED LARGELY 
UNDER HER UNRECOGNIZED INFLUENCES， 
ARE MOST AFFECTIONATELY 
DEDICATED BY 
HER FRIEND AND FATHER， 
THE AUTHOR. 
13) A STORY OF FATHER AND SON 
With his on1y son， Yushi， Uchimura had an interesting experience which has 
come to be well-known in the Japanese sport wor1d. When Yushi was a student 
at The First High Schoo1 (presently Tokyo University)， he was a very good base-
ball p1ayer. When Yushi asked his father's permission to p1ay on the schoo1's 
championship team， his father to1d him it wou1d be al right if he cou1d do these 
three things: stay in the top third of his class， p1ay no game on Sundays in order 
to keep the Sabbath， and not drink a1coho1 nor smoke tobacco. Most of the sport 
cham-pions at that time cou1d not do those things. The son swore to keep these 
three things before his father， and he carried out al of them. His schoo1 record 
shows him at the top of his class a1most every semester. No other schoo1 cou1d p1ay 
a game with his schoo1 on Sundays since he was the on1y pitcher on the team 
and a1so the captain. Finally， he never drank alcoho1， even a 1it1e. Yushi was 
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a very good 1eft-handed pitcher and no co11ege team in Japan at that time cou1d 
beat his team. They were beaten on1y during a p1aying tour in Manchuria. Uchi-
mura was ve巧Tproud of his son's abi1ities in schoo1 because it had been from this 
same schoo1 that he himself had been expe11ed due to the 1ese-majesty a旺air. The 
son 1ater became a professor of mentョ1science and the chief of the medica1 de-
partment of Tokyo University. Because of the age 1imit he retired from the 
university severa1 ye町 sago. He is now the director of a hospital in Tokyo and 
a1so the commissioner of a1 Japan's professional baseba11 games. Uchimura once 
expressed the sentiment that perhaps his descendants wou1d be as those of Edward 
Jenners (1749-1823)， a1ternating generations of evange1ists and physicians. 
14) SUNDA Y PREACHING 
Uchimura had no church of his own except an independent church in Sapporo 
which he and his friends had established in 1882， as 1 have already mentioned. 1n 
the ear1y years he used to teach the Bible to a number of university students and 
a few other peop1e at his house in the suburbs of Tokyo every Sunday. Later he 
went to the center of Tokyo to teach the Bib1e and Gsope1. He borrowed the 
auditorium of the Japan Sanitary Bui1ding near the 1mperia1 Palace where he pre-
ached on Job and Romans for several years. This is where 1 attended his inspiring 
1ectures for a few years. On Romans he preached sixty Sundays， 1922-1923. His 
preachings were unique; h(' had heart-breaking strength， burning passion and pier-
cing eyes， a1 of which produced a great impression of the stateliness of God's words 
for his audiences each Sunday. The audiences often were moved to tears， and so 
silent that one could hear a pin drop. The whole hal1 was as if in the depths of 
high mountains. The 1isteners wou1d return to their homes with deep comfort， joy 
and hope in the gospel spirit， though often they were experiencing various agonies 
and di伍cu1tprob1ems in their respective circumstances. He attracted audiences of 
from 700-800 persons and sometimes over 1000 every Sunday. Peop1e over丑owed
into the corridor outside the ha11. Some of the peop1e in order to hear him used 
to come from as for as Osaka or Nagoya and or Sendai each Sunday， trave1ing 
which took severa1 hours each way by train. The Sanitary Building unfortunately 
burned down in the great earthquake of 1923. 
Then he bui1t a new 1ecture ha11 on his own property in the suburbs of To-
kyo by means of the donations of his Bib1e Research Association members. (1 
donated on1y 5 yen as 1 was a poor student.) The capacity of the ha11 was about 
300-350 persons， 1 believe. With his two assistant 1ecturers (Mr. Kengo Azegami 
and Mr. Toraji Tsukamoto) he preached every Sunday moming and afternoon， since 
the audiences were too big to be ab1e to hear him in one sitting. 
Uchimura never canvassed for audiences to attend his assemb1y， like ordinary 
churches do. On the contrary， he sometimes had to restrict his audiences owing 
to 1ack of room for too large an attendance. One summer evening Uchimura took 
a wa1k with me in the suburbs of Tokyo， and as we passed in front of a church， 
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a church man standing on the road before it said to us，“Please come in the 
church"; 1 remember how he dashed into the church as soon as Uchimura said， 
“1 am Uchimura." 
15) STUDY OF GREEK AND HEBREW 
In Uchimura's Bible Hall， Mr. Toraji Tsukamoto， an assistant evangelist of 
Uchimura's， used to teach the New Testament in Greek and the Old Testament in 
Hebrew one evening every week for young men and women. Mr. Tsukamoto had 
several classes. In the beginning of this class， we students used to pray in Japanese 
in tum， and at the closing of the class， we used to pray the Lοrd's Prayer in 
Greek altogether. 
Each period we memorized some passage in Greek and Hebrew by heart given 
to us by our strict instructor. Mr. Tsukamoto， who reads Greek and Hebrew as 
fluently as he reads Japanese， isa philologist. He has a profound knowledge of 
the Bible， and is now publishing “Seisho Chishiki" (Knowledge on the Bible.) 
Seisho Chishiki is a monthly publication which was named by Uchimura over 35 
years ago. Mr. Tsukamoto has also written a grear many expositions of the Bible 
and is now revising the New Testament from Greek into the living僧spokenJapanese 
of to-day. It should be soon completed. 
In this connection 1 may add that 1 had two rather amusing experiences. In 
the summer 1926， 1 climbed Mt. Asama， a well-known active volcano which is 
2542 meters above the sea in the middle Japan， with a friend of mine. When we 
arrived at the top of the volcano， cold torrential rain suddenly began to fal on 
us. My friend urged me to come down at once， but 1 was younger and more 
cheerful than he， and 1 wanted pray the Lord's prayer in Greek in commenmora-
tion of our being at the top of Mt. Asama. After praying， strange to say， the 
heavy raining stopped and we came down in high spirits and in safety. 
Another insteresting experience happened when 1 was a student at Pasadena 
College at Pasadena， Califomia in 1928-29. At the chapel service one moming， 
a lady professor called on each of us Jayanese students， to come up to the pulpit 
in order to pray in tum. When 1 was called， being unable to pray in English 
well， 1 prayed the Lord's Prayer in Greek and then recited chapter 23 of Psalms 
in Hebrew. We had memorized these at Uchimura's Bible Hall. Later some profes司
sors came to me and asked，“In what language did you pray?" Another Japanese 
student knew nothing of the Bible at al， but he had to say something in his tum， 
so he recited the Japanese alphabets of 47 words adding amen， which everybody 
joined in chorus. All the Japanese students looked at each other in cold surprise 
and shivered. 
16) PUBLISHING OF A BIBLE STUDY MONTHL Y 
Uchimura himself was a descendant of simple folk and his schooling was no 
more than 4 years at the Sapporo Agricultural College plus 2 more years at Amherst 
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Col1ege; and he had received the degrees the Bachelor of Agriculture form the 
former and Bachelor of Science from the latter. He was not a Reverend or 
even a church 0伍cial，but a layman who had thought deeply of the sin of man， 
and the conversion and salvation of mankind from the depth of his varied experi-
ences in life. His Christian passion broadend his interests leading him to read 
widely， from microscope biology to astronomy with a telescope. He had a pro-
found knowledge， specially of theology， history， literature， philosophy， and al1 science 
in general， although he was not a scholar in the sense of specialized studies. 
Carlyle， Whitman， Dante， Milton and Ibsen etc. were introduced和 Japanfor the 
first time by him. Yet he thought that缶stand foremost he must teach the truth 
of the Bible to his countrymen， and then education， industry， economics， political 
science etc.， ashe himself was a man of the Bible and a man clinging to the Cross 
of salvation. 
On September 30， 1900 Uchimura started a monthly，“Seisho no Kenkyu円
(Study of the Bible) as his life work， and this he continued until his death， March 
28， 1930. He studied the Bible deeply using both representative commentaries and 
taking from his own experiences in life. Over 4400 copies of the “Seisho no 
Kenkyu" were published every month for its eamest readers叫 Hisannotations 
of the whole New Testament except Titus and Jude and of the whole Old Testa-
ment except Nehemiah， Lamentation， Joel， Michah， Nahum， Haggai and Malaki 
appeared in the “Seisho no Kenkyu" during its duration. These al10w the reader 
to console his sorrow， loneliness and misfortune in life， and they give him the 
deep joy of solid faith in etemal life. When I stayed in Uchimura's home in the 
summer of 1926 and 1927 I read the fol1owing， written on the front page of his 
English Bible in his own handwriting:“I am五rmlyresolved to die in the study 
of the Scriptures; in them are al1 my joy and al1 my peace."一Erasmus. When 1 
read this note， I realized the firmness of his resolution to make a study of the 
Bible for his countrymen. 
In the summer of 1927 while 1 was giving Uchimura a massage in his Japa-
nese room， he told me that at one time when some ministers came to him to ask 
how to expand their churches， he told them to teach the Bible itself to the people， 
rather than al their ceremonial and institutional services， in order to reform the 
inner lives of people with the real gospel spirit. In spite of his love for books he 
was not a bookish man， but a man with a warm heart for others. Once Uchi-
mura's old devoted attendant told me， when he asked Uchimura if he could sel1 
some bound volumes of the Bible Study Monthlies which he had read for years as 
he needed the money， Uchimura bought and retumed the volumes to him twice. 
17) TWO 1'8 
U chimura said血athe loved two J's， Jesus and Japan. Jesus， as his only 
saviour was to be loved and trusted above al else. And Japan， his dear motherland 
where he was bom， he wanted to help rise from her various paganisms and corrup働
(364) 
Kanzo Uchimura: A Summary of His Life and Faith 368 
tions by awakening the people to the truth of the gospel in the Bible. Before he 
became a Christian， he had wanted to help Japan as an ichtyologist in which study 
he had majored at the Sapporo Agricultural College， as 1 mentioned in the begin四
ning of this paper. However， after he became a Christian， he was deeply and 
五rmlyconvinced that he could not help to save her unless he taught the Bible to 
his country-men， in order to reform their spirits and minds which was the much 
more fundamental problem. As for this “second J"， some foreign missionaries pro-
tested that Uchimura was more nationalistic than Christian. These missionaries did 
not understand either the life or the faith of Uchimura. Uchimura had patriotism 
for his own motherland just as the missionaries， European and American， had the 
patriotism for their motherlands. 
As 1 mentioned before， Uchimura had refused to bow before the Emperor 
Meiji's signature on the 1mperial Rescript on Education， because he was decidedly 
more faithful and loyal toward God and Jesus than he was nationalistic， so loyal 
in fact as to be branded a traitor by his countrymen. 1n 1926 he gave me a big 
tablet of paper in which he had written with a brush，“Fear God， don't fear men." 
in large Chinese characters. Once Uchimura told us that he had held al Japan as 
his enemy while he was young， but later he held the whole world as the enemy 
which had made him great in order to五ghtfor truth and humanity. 
He continued further to say that during his stay at Amherst College， he used 
to lie on the campus lawn， looking at a place on a Japanese map where he would 
convey the gospel of Jesus after he returned home. 1t was Oguni， Nishiokitama-
gun， Yamagata Prefecture， one of the most remote villages in Japan. Moreover， 
after he came back to Japan， he sometimes sent his students there in summer at 
his own expense， in order to convey the gospel to these people. 1n the summer 
of 1927 1 went there with a friend of mine; Uchimura had gaven us 100 yen as 
our traveling expenses. At that time 100 yen was enough for two or three days 
traveling for two men. We stayed one night at a small inn there where there 
gathered several young men and women for a Bible class; the rnaids of the inn also 
joined us. For most of them it was the五rsttime they had seen a Bible. We read 
in turn passages from Matthew， Romans， Psalms， etc.， we sang hymns and we 
prayed， al of which they enjoyed very much. The next day we went to an even 
more remote village by means of a mountain path through the forest. There we 
stayed over night at a branch of the primary school. We were warmly welcomed 
by the chief of the school along with his wife; they went down to a river and 
caught trout for us. And the next morning the chief permitted us to talk about 
the Bible before al the pupils; also several of the village men and women joined the 
meeting. My comerade talked on the New Testament， and 1 played several hymns 
on an organ. The villagers al enjoyed themselves aed sang loudly together. After 
a few days we returned to Tokyo and reported our success. Uchimura was much 
pleased and he gave us lunch. 1n the summer of the following year， Uchimura 
sent two other students to the same village to preach the gospel. At that time 1 
(365) 
366 Naoshi Koike 
was attending Pasadena College， and the village young men and women sent me 
a collection of their autographs and the sentiments of their rejoicing in the gospel. 
After Uchimura had passed away， inthe same village of Oguni， Mr. Sukeyoshi 
Suzuki， who had learned the Bible from Uchimura， built there the “Kirisutokyo 
Dokm・itsuGakuen." (Christian Independent School) The :first principle of this 
school is that of spiritual education based upon the Bible. Last y白 r1 visited the 
school after a long absence and was cordially welcomed by both the principal and 
his wife. About 75 boys and girls of high school age are trained there in the 
teachings of the Bible， under the guidance of Mr. Suzuki and his wife. The 
students are vivid and bright in the Christian way. Every day they have morning 
service before class begins. 1 was surprised at how they sang hymns so beautifully， 
especially English hymns. Principal Suzuki is a noble man and maintains his school 
in the :firmness Christian principles， despite the times of di伍cult五nancialsituations. 
During and right after the war， most people bought tea and rice on the black 
market because al grains and daily necessaries were being held under government 
control since there was a terrible shortage in these times. However， Mr. Suzuki 
never did eat rice at the black market， no matter how hungry he felt or how thin 
he became. After my visit， the boys and girls saw me 0旺atthe bus station. They 
sang “God be with you til we meet again.・・" Here a dream of the young Uchi噌
mura at Amherst is realized. Uchimura was born to save his motherland and his 
people from their savage traditional paganisms and guide them to the way of truth 
in the gospel. Gradually his country-men and the world will come to know this 
fact. 
Uchimura wrote concerning his “two J's" as follows in The Japan Christian 
Intelligencer， (his English monthly) in September of 1926. (Ka回 oUchimura， "The Com-
pl己teWorks of Kanzo Uchimura"， vol. 15， Tokyo: Iwanami Shoten， 1933， pp. 599-600.) 
TWO J'S 
1 love two J's and no third; one is Jesus， and the other is Japan. 1 do not 
know which 1 love more， Jesus or Japan. 
1 am hated by my countrymen for Jesus' sake as“yωoヘand1 am disliked 
by foreign missionaries for Japan's sake as national and narrow. 
No matter; 1 may lose al my friends， but 1 cannot lose Jesus and Japan. 
For Jesusラ sake，1 cannot own any other God than His Father as my God and 
Father; and for Japan's sake， 1 cannot accept any faith which comes in the name 
of foreigners. Come starvation; come death; 1 cannot disown Jesus and Japan; 
1 am emphatically a Japanese Christian， though 1 know missionaries in general do 
not like that name. 
Jesus and Japan; my faith is not a circle with one center; it is an ellipse 
with two centers. My heart and mind revolve around the two dear names. And 
1 know that one strengthens the other; Jesus strengthens and puri五esmy love for 
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Japan; and Japan clari五esand objectivises my love for Jesus. Were it not for the 
two， 1 would become a mere dreamer， a fanatic， an amorphous universal man. 
Jesus makes me a world-man， a friend of humanity; Japan makes me a lover 
of my countrγ， and through it binds me五rmlyto the terrestrial globe. 1 am 
neither too narrow nor too broad by loving the two at the same time. 
o Jesus， thou art the Sun of my soul， the saviour dear; 1 have given my al 
to thee! 
o Japan， 
“Land of lands， for thee we give， 
Our hearts， our pray'rs， our service free; 
For thee thy sons shall nobly live， 
And at thy need shall die for thee."-J. G. Whittier 
18) CHURCHLESS CHRISTIANITY 
One of the remarkable things with Uchimura was that he originated“church-
less Christianty" in Japan which goes under the name of “乱1ukyokai".'2)This word 
came to be as much misunderstood as was Uchimura himself. And because of 
“Mukyokai" he was disliked and stigmatized as a church-destroyer and a heretic by 
many Christian churches and many missionaries. 
However， Uchimura did not object to the existence of the churches themselves 
at al. He knew that the churches have their own merits and that they can do 
things which a loose group of Christians cannot do， and he had a full understand-
ing for the community喝characterof the christian churches. In fact， he helped churches 
a great deal， although the churches rarely helped him. In the summer of 1927 he 
told me that he was asked to speak at the foreign church in Karuisawa (n. b. 900 
meters above the sea level， a well-known summer resort at the foot of Volcano 
Asama in the middle of Japan) by the Foreign Missionary Association. The as-
sociation had given him a basket of apples as a remuneration， despite the fact that 
they were able to collect a large contribution because of the deep impression he 
made upon the audience. He didn't mean that a basket of apples as thanks was 
too small; however， he did feel that their attitude toward him was rather rude. 
It is supposed that there are about 50，000 Christians of Churchless Christianity 
here in Japan. They have small and large groups in di旺erentplaces. Some of 
them are publishing their own Bible Study monthlies. Their magazines' names are 
literally translated:“Eternal Life"，“Knowledge on the Bibleヘ“Wordsof the 
Bible"，“Lectures on the Bible"，“Seeking after Truthヘ“Sourseof Grace"，“Holy 
Promise"，“Japan of the Bible"， etc. They hold Greek Bible Class in the New 
Testament and Hebrew Bible Class in the Old Testament. They have no special 
connection among themselves， however they study the Bible earnestly using various 
commentaries and the Bible monthlies. Some will gather at a certain hall every 
Sunday with their fellow-believers while some will hold their Sunday service at their 
homes with their families and friends; their meetings are usually more vivid with 
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Gospel spirit than those of ordinary churches. Sometimes the members of Mukyo-
kai go a long way 0旺forgospel teaching， speaking to groups which range in size 
from the biggest of nearly 500 members down to the smallest of 2 or 3 gathering 
in His name. 
羽Thydid Uchimura orginate the word “churchles:il christianity"? 
He said that the Reformation of the sixteenth century was“an arrested move-
ment." Consequently he persistently adovocated the necessiザ ofa“Re-Reforma-
tion" of the Christian Religion bringing Protestantism to its logical consequence， 
as follows: 
“The world needs Re-Reformation of the Christian Religion. The Reformation 
of the sixteenth century ended as an arrested movement. Protestantism institut-
ionalized was a retum back to the discarded Roman Catholicism. We need another 
Reformation to bring Protestantism to its logical consequences. The new Protes-
tantism must be perfectly free without a trace of ecclesiasticism in it，-a fellowship， 
not an institution，-free communion of souls， not a system or an organization. 
Practically， itwill be churchless Christianity， calling no man bishop or pastor， save 
Jesus Christ， the Son of God. And who can say that God doth not intend Japan 
to be the country where such Christianity is to appear， the new experiment to be 
tried in the spritual history of mankind， tobegin Christianiり anewin the Land 
of the Rising Sun?"'3) (April， 1928.) 
Uchimura thought that the reason why many had left and were leaving 
Christianity was that in many modem churches real conversion from sin， and the 
true gospel of entemal life were not being preached; rather the churches had be-
come something else， like a social club showing merely formalism and lip service. 
Moreover he became disgusted with the degraded modem churches. He felt that 
they were superficially institutionalized. His consequential claim to Churchless 
Christianity was not only based upon his feeling or emotion， but also had a Biblical 
criticism in that the Ecclesia， a brotherhood of those with faith and life， could exist 
outside of the church as well as in the church. “Where two or three are gathered 
together in my name， there am 1 in the midst of them." (Matthew 18: 20.) 
That is to say， one can be a Christian through the Bible and through prayer 
regardless of whether he belongs to an institutionalized church or not. This is 
especially true in the case of those who have no church to go to. However， 1 
imagine that it would be rather di伍cultfor an American or European Christian to 
think of the existence of Christianity without a church institution， since westem 
Christianity has functioned within an institutionalized church for nearly 2000 years. 
Conceming Churchless Christianity Uchimura said as follows: 
“The odium of Christianity is in its churches. 乱1anyhave left and are leaving 
Christianity because they hate churches. They hate the priest because they hate 
the surplice. But the priest and the suplrice are not one and the same thing. The 
priest remains after you strip him of his surplice. Y ou may hate the surplice and 
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yet love the priest. Christianity minus churches is the Way， the Truth， and the 
Life. There is no reason for leaving Christ and His Gospel， because churches which 
are its institutional vestments are soiled and odious. Churchless Christianity will be 
the Christianity of the future. The s詑ee位rof Patmos s問aI凶d:1 s，抑α切 no t，おeml〆'Jlet，抗んer.何'e."山3担4
Rev. 21 : 22 (March， 1929.) 
Because of Churchless Christianity， Uchimura was often called “individualistヘ
“isolationist" or even non-Christian. September， of 1920 he wrote in his diary 
under the theme of “Oh to be not a Christian!" 
“Luther said a very deep thing， when he said:“He who is a Christian is not 
a Christian." The Christian is not a special set of people， but a man par excel-
lence. Jesus was not a Christian， but a Son of Man， the man. Christianity， as 
ordinarily understood， isa segment of Humanity， not Humanity itself; and to be 
a Christian is to be a sectarian， and not a man. Oh then to be not a Christian! 
Said a prophet:“The Lord hath shewed thee. 0 man， what is good; and what 
doth the Lord require of thee， but to do justly， and to love mercy， and to walk 
humbly with thy God?" (Micah 6 : 8.) To be a man like the Lord Jesus Christ， 
that is to be a Christian. An unmanly Christian is a veritable antichrist"制
Furthermore， this was written under the title “Religion Personal" 
“Religion is personal， not general. 1t is not “we，" but “1，" not plural， but 
singular，-first person， singular. 1t is not mankind or humanity， but 1 myself. “My 
God， My God， why hast Thou forsaken Me?" was Jeusus' own religion. “o wret-
ched man that 1 am! Who shall deliver me out of the body of this death?" was 
Paul's religion. Theologians seeking after general truth of religion， never五ndit. 
God is found only in one's inmost soul; and a man who cannot make himself an 
object品目onin religion， can never be its preacher. Modern Christianity is tasteless 
and powerless， chief1y because it is general and social， and not personal， and 
individual. Is there anything more useless under heaven than the “expert" in 
religion ?"36) (January， 1922.) 
These things might seem to be extreme and unliberal， but Uchimura himself 
was far from absolutizing his way of Christian faith; his only absolute was God， 
Jesus Christ and the Gospel of salvation. In short， for Uchimura， the most im-
portant thing in order to be a true Christian was to be transformed newly of God， 
by the repentantance of sins and of a sinful heart through personal contact with 
God， and by obeying His will in life. Uchimura could not recognize the validity 
of the petrified institution of the church with only its formalized sacraments. And 
he refrained from having his community in Christ only a fixed， formalized institu-
tion; it was more vivid with his burning words and being ful of the living of life. 
This actually was the main reason for his unique in自uenceon university students. 
He esteemed the Eucharist and Baptism， but he did not regard them as ab-
solutely necessary ceremonies; as he felt that they were rather the problems of the 
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person in question. They could be of value to some people， but were not very 
useful for others who could meet Jesus and God individually and directly in their 
innermost souls and so be newly bom and transformed into true Christianity. This 
was the real conversion of the gospel spirit even without ceremonies. Due to this 
conviction， he rarely advocated baptizm though he did baptize a few people some-
times in March， the month of his birth. 1 myse1f was a1so baptized by him with 
a few friends of mine on March 21， 1926， in Tokyo. 
The五rmbelief of Paul's self-introduction to the chruches of Galatia，“Paul， 
and apostle (not of men， neither by man， but by Jesus Christ， and God the Father， 
who raised him from the dead." (Galatians 1: 1.) was also Uchimura's strong con-
viction. He especially stressed this五rstverse when he expanded on Galatians. 
We also must have a conviction，五rmabove al human institutions orsects if we 
want to become anything of a Christian. 
Uchimura was the son of a Samurai， warrior and he was endowed with the 
samurai spirit， which championed the weak against the strong and against injustice， 
and which demanded death before dishonor. 1n this sense， could Uchimura not be 
compared to Pau1? Paul said:“1 would rather die than have any one deprive me 
of my ground for boasting". (1 Corinthians 9: 15.) Uchimura seems to have been 
a type of the old chivalry as Paul was. Uchimura said:“1 have no church， but 
Christ is in me， and 1 have a church also since 1 have Christ， Christ is my church， 
he is holy as God is holy， broad as the universe is wide， 1 belong to the perfect 
church since Christ is in me." 
19) CRITICIZING MISSIONARIES 
In spite of the fact that Uchimura had been greatly influenced by American 
Christianity during the formation of his own faith， he often criticized modem 
American and European churches and their missionaries. He felt that mission 
Christianity was too much a propaganda inculcated with rnammonism and materi-
alism. He felt that foreign Christianity generally lacked the gospel spirit. Even 
Amherst College， where he had leamed the Bible， had 10st its old puritan faith. 
Also the fact that most of the missionaries spoke litle Japanese although they had 
lived many years in Japan disturbed him. They seemed as if they were on a picnic. 
He wrote the following short essays about missionaries. 
(a) Mi呂田ionariesand Language 
“We know of English and American missionaries who stayed in Japan twenty， 
or thirty or fourty years， who yet町 enot able to speak respectable Japanese， and 
who in their intercourse with us use their King's or Yankee English with freedom 
and shamelessness as if English were the 0伍ciallanguage of this country. As to 
the reading capacity of missionaries， itis next to nothing. One among a hundred 
may not be able to read vemacular newspapers， and we know of no one who can 
read ordinary Japanese literature in the original. No wonder that they cannot 
understand us， and that after spending half their lifetime in this country， they stil 
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remain utter strangers to us. The fact that theses missionaries despise our 1anguage 
is a sure evidence that they have no true 10ve for our sou1s."37) (Ju1y， 1916) 
(b) A Missionary Problem 
“I am often asked of my opinions on this question:“Shou1d we missionaries 
stay in Japan or 1eave it?" To which I instantly answer as follows:“If you are 
in any doubt about that matter， 1eave at once; for， 1 understand， Christian mission is 
a matter of conviction and not of opinions. We stay when God tels us to stay; 
and 1eave， when God tels us to leave; we do not stay or 1eave according to men's 
opinions." I think the question is after al a very foo1ish one; and 1 am surprised 
to find so many missionaries troub1ing themse1ves about such a foo1ish question. 
Yet 1 understand， the question has been discussed among them for severa1 years， 
and they have not reached any definite conclusion yet! Are there no wise men 
among misssionaries?"叫 (September，1923.) 
At that time some Japanese Christian students who had gone to America 
in order to study in various五e1dsreturned home， having 10st their faith. On 
June 21 of 1928， the day before 1 1eft Japan for America to study for the first 
time， 1 visited Uchimura at his home in Tokyo to say good-bye. At that time he 
wrote a 31・syllab1eJapanese ode on the front page of my Bib1e as follows: 
“Don't forget the sou1 of Japan (home) 
that does not exist in America 
where golden flowers (money)町 eb1ooming." 
and he prayed for my good fortune there. 
20) CHRISTIAN FRIENDS ABROAD 
In spite of Uchimura's sharp criticism about foreign Christianity and its mis-
sionaries， he had some good American and European friends who understood and 
appreciated him. 
Dr. William Ax1ing 1ived in Japan for 53 years as an American missionary 
and became an honorary citizen of Tokyo. He had his evange1ica1 hall in Fuka-
gawa district， the poor men's quarter in Tokyo and he adopted a Japanese gir1 
who had 10st her parents in the great earthquake of September 1， 1923 in Tokyo. 
Dr. Ax1ing once to1d me that Mr. Uchimura was a good friend of his. He said 
that Uchimura was a great man of a strong will 1ike Martin Luther. Dr. Axling 
had once offered Uchimura his evange1ica1 hall for Uchimura's preaching when he 
was refused renta1 of a ha11. Dr. Ax1ing was cine of the rare missionaries who 
spoke Japanese fluently and understood Japanese 1ife as if he were a Japanese. 
David C. Bell was an American business man and a 1ife-1ong friend of Uchi-
mura. They met in a horse tram-car in Washington 1885， when Uchimura had 
attended the Charity and Re1ief W ork Convention in Pennsy1vania with Dr. Ker1in， 
the director of Pennsy1vania 1nstitution for Feeb1e Minded. 1n August 1918 Uchi-
mura wrote “Power of Prayer"， concerning David C. Bell: 
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POWER OF PRAYER 
“David C. Bell， an American merchat， and my life-long friend， has prayed 
every day for more than thirty years that 1 might believe in the Second Coming 
of Christ. and now that his prayers were answered， and God opened my eyes， and 
1 came to believe in the Lord's Retum， and al things became new to me， 1 cannot 
but believe in mighty power of prayer. No amount of theological arguments 
would have su伍cedto convince me of the truth of this central Christian doctrine; 
and what arguments failed to do， God's Spirit in answer to the prayers of one of 
His saints accomplished in ful. W onderful are powers of prayers of faith! This 
is my answer to those who persistently ask me how 1 came to believe in the 
Second Coming of Christ." (Kanzo Uchimura，“The Complete W orks of Kanzo 
Uchimura，" vol. 15. (Tokyo: Iwanami Shoten， 1933)， pp. 422-424.) 
In the summer of 1928， when 1 visited Bell at Saratoga， Califomia， he was 
nearly 88 years old. He was resting quietly but was healthy and welcomed me 
saying， "Our Uchimura is a great man， 1 have never forgotten to pray for him 
even one day for over 40 years since we met in the horse tram-car in Washington 
in 1885". Then Bell asked me about the situation of Uchimura's Bible Res回 rch
Association in Tokyo. Taking some copied letters of Uchimura from his pocket 
and showing them to me， he said，“It is my great pride and plersure to make 
several copies of each letter from Uchimura in order to deliver them to friends of 
mine. So 1 always have them in my pocket." Uchimura used to write various 
things to Bell both of joy and sorrow which happened around him， telling frankly 
and in detail things he could not tel even to his countrymen. This he continued 
nearly to the time of his death. Bell answered each letter from Uchimura， and 
he sometimes sent Uchimura valuable books or joumals and money， too. In 1949， 
184 letters of Uchimura addressed to Bell were translated by a friend of mine into 
Japanese as a book， titled，‘'Kanzo Uchimura， autobiographic letters sent to Bell." 
On July of 1921 Bell at 81 years of age， accompanied by his son Charles， 
made a ten day visit to Uchimura. Bell's visit caused Uchimura deep rejoicing 
and pride. Uchimura often told us about their unchangeable Christian friendship 
and he put it in his Japanese diary which 1 would like to outline here. 
July 19， 1921'9)， Tuesday，五ne，very hot. 
Went to Y okohama Harbour to meet Bell and his son， Charles. Bell is my 
only friend in faith among Americans. Bell helped my work for 36 years as my 
superior in faith， since we met in a horse tram-car for the first time in Washington 
in 1885， and he trusted me as well as Bishop Harris and called me“Our Uchi-
mura" and backed me. Perhaps there is no one who prayed for me so eamestly， 
incessantly， and long as Bell. On the deck of the S. S. Taiyomaru， we shook 
hands vigorously shedding te町sof thanks to our heavenly Father. Captain Yama-
masu invited us to a light refreshment， after which 1 took them to the Grand 
Hotel in Yokohama where we talked about the faith， and at lunch together. 
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July 21， 1921叫， Thursday，五ne.
Took Be11 and his son to the auditorium of the Japan Sanitary Association at 
Otemachi， center of Tokyo where 1 preach on the Bible every Sunday in order to 
explain the actual condition of the Sunday Bible lecturing in detail. Be11 and his 
son rejoiced so much that old Be11 could not leave the pulpit for a while， and 
said:“1t is fu11y worth while that 1 came to see this far across the Pacific Ocean. 
1 don't want to see anything else in Japan since 1 have seen this place in which 
God's living words are spoken by an old friend of mine; it is not necessary to 
see shrines and temples since they are a1 dead things." Then Be11 and his son 
directly came to my home to be guests in a welcome party without visitng Ueno， 
Shiba and Asakusa which are noted sightseeing places in T okyo. 
July 24， 192141)， Sunday， half五ne.
Attended a foreign church in Karuisawa with Be11， felt as if 1 attended 
a church in a foreign country after a long absence. There was singing， a solo， 
and a quartet， then the co11ection and preaching; everything was according to the 
rules， and there was nothing original neither of五erypassion nor of burning fire， but 
only the commonplace not much different from the paying of respects to a buddhist 
temple. 1n the preaching there was nathing at a1 of the gospel，although a certain 
Doctor of Divinity in the Methodist church preached. It was merely the arranging of 
literature， history and religious philosophy. 1 told old Be11 :“This is the christianity 
of the Japanese church today; you can understand we11 the reason today why 1 
am not concerned for church." The old man responded and said:“Just so， itis 
just the same in America， 1 understand your standpoint well." 
July 28， 1921叫， Thursday，五ne.
Saw Be11 and his son 0旺 atKaruisawa Station， saying good-bye， promissed 
to meet in the morning of Resurrection again. How beautiful of Christians' parting， 
出ateven the death cannot sep訂 ateus. 
1n the autumn of 1931 1 travelled to Switzerland， where 1 was invited for 
a few weeks to the home of the Rev. Jakob Hunziker in Rushlikon， near Zurich. 
The Rev. Hunziker had once been in Japan as a Swiss missionary and he had be-
come a good friend of Uchimura:3) He was a gentleman of deep faith and noble 
character. He had introduced Uchimura into Europe by means of his book “Wie 
ich ein Christ wurde." The Rev. amd Mrs. Hunziker were very kind to me; they 
took me to the 400th anniversary of Ulrich Zwingli (1484-1531) at the Zurich 
University and also to a nearby hil where 1 was able to stand right on the spot 
where he had been killed on October 11， 1531，五ghtingfor Zurich. 
on the mountain road， some Swiss people asked me about Uchmu問、 Christian
reformative works in Japan. 1 was surprized that he was so we11 known in Switz-
erland. This fame was due to the Christian friendship of the Rev. Hunziker， and 
his rightful understanding of U ceimura. 
on the day of Zwignli's 400th anniversary， we saw a cap which he had worn 
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with some holes in it made by his enemies' spears and also a big picture of Zwingli 
with his family. In the picture， his eyes were lighted up with his vivid strong 
faith， although his wife and children seemed rather sad. This was impressed upon 
me unforgettable， and it made me think that faith is a very strong will， trusting 
al in God. 
The Rev. Hunziker kindly introduced me to the Dr. von Grebel family in 
Ruschlikon and also the Rev. Schulthess family in Basel; in both places 1 stayed 
as a guest for several months. They were also readers of “Wie ich ein Christ 
wurde." They had wonderful Christian homes. 1 was treated as a member of 
their families which 1 always remember and appreciate. Moreover， in Zurich and in 
Basel 1 sometimes heard the name“Uchimura" from pasters speaking from the pulpit. 
A Comment of the Rev. Albert Kuhn 
The Rev. Albert Kuhn， 90・years-oldpaster of the First Presbyterian Church， 
Kimberly， Wisconsin， former professor of Greek， Latin and Bible at the University 
of Dubuque in Dubuque， Iowa sent me letters in which he stated his comments of 
Uchimura.. Following is one of his letters dated Feb. 22， 1964: 
“・・.Uchimura was truly a man of God. Most of what he said 五ndsa strong 
echo in my own thinking and feeling. 1 regard with him Jesus is in his own 
personality， an Echo from God; 1 regard God as the Fountain Head of a1 Energy， 
physical， mental， maral. Uchimura was a man to my own heart. Like him 1 am 
not a great organization church man but a man who wants to love and serve a1 
men and one who wants to do his own thinking. Like him 1 have litle use for 
formality， ceremonials， slavery to creeds and formalities. 1 am very glad that 
such a man as Uchimura has made a deep impression in Japan. 1 regard the Bible， 
both the Old and New Testament， as one of the human attempts and a very remark-
able and helpful one of comprehending and feeling God， but only an attempt at 
a task which transcend mere human power. 
But God loves the universe which He has created and gives to a1 of his 
creations such ability to feel and comprehend Him， as that creation needs fu国1
its mission in the life universal. Man's gift of comprehending God is limited， very 
limited， but for the purposes of God and of human exsistence adequate， su伍cient・・"
21) SPEECH TO THE ARMY 
In Spring of 1926 Uchimura was asked to speak at the First Infantry Regi-
ment in Tokyo. Colonel Suematsu， the regimental commander requested me to 
introduce Uchimura since 1 have been tutoring his daughter part time from the 
time that 1 had served for五vemonths in the regiment. 
1 couldn't listen to Uchimura on that day as 1 had teaching duty in a school; 
however， the regimental commander told me later that Uchimura's speech was 
wonderful. He had talked of the orderly co11ege life in America which he had 
experienced， and how he wished to leave this world better and more peaceful than 
when we were bom. He impressed the young 0伍cers'and soldiers' moral con-
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science deeply. It was the五rsttime in Japanese history that a Christian leader was 
allowed to deliver an official address to the army， an interesting fact， since earlier 
Uchimura had been accused of being a national traitor!4) 
Before the war， Suematsu， the regimental commander， became a lieutenant-
general and served as the director of the Military Academy and also as a divisional 
commander， and yet he didn't join in the war plan because he had been influenced 
by Uchimura's speech and consequently thought for the sake of humanity. 
With the opening of the war， Suematsu resigned from active service， and 
a litle later he became the mayor of Kokura City， his native placs in K戸lshu.
In the spring of 1944 when 1 was leaving Japan as a civilian 0缶cerfor Sumatra， 1 
saw him at Kokura City Hall. He told me of his anxiety about the army's thought田
less operations and mobilization and of his admiration for Uchimura's pacifism. He 
also sent a box lunch to my hotel in Kokura， as at that time there was a terrible 
shortage of food. After the war， Suematsu used to boast that he had requested 
Uchimura to speak to his regiment in the di伍cult，severe situation of the army， 
and yet he had he not been charged with a war crime， though many of his military 
colleagues were on charges of war crime. 
22) ESTABLlSHED SUPPORTERS' ASSOCIATION FOR THE WORLD MISSION 
Uchimura once established the “Supporters' Association for the W orld Mission" 
with donations of his own and those of the members of his Bible Research Associa-
tion. With that fund he sometimes sent some amounts of money to Chinese phy-
sician in the interior of China.45) 
Also， Uchimura sent contributions to Dr. Albert Schweitzer who is stil work-
ing on a great mission in Lambarene， Africa叫 1myself was greatly inspired with 
Dr. Schweitzer's wonderful work. When 1 was a student in Switzerland 1931-
1932， 1 took an anatomy course for a year at Basel University aiming to become Dr. 
Schweitzer's assistant physician in Lambarene. However， to my regret 1 had to 
quit the course because 1 was a self-supporting student and at that time it became 
financially impossible to continue further courses. Dr. Minoru Nomura， a friend of 
mine， also a student of Uchimura， went to Lambarene to help Dr. Schweitzer for 
a year 1951-1952. During Dr. Nomura's stay in Lambarene， several students of 
Uchimura gathered once a month at Dr. Nomura's home in Tokyo in order to 
pray and sing hymns for the great mission work in Lambarene. Dr. Schweitzer 
sent me his autographed photograph through Dr. Nomura the second time he 
visited Lambarene， signed as follows:“Am Tisch in Lambarene， mit besten Gedan-
ken， Albert Schweitzer， Lambarene， 11. 11. 1960." This date of November 11， 
being Armistice Day， deeply impressed me of our mutual desire to aid the welfare 
and salvation of mankind. 
23) CRUCIFIXIANITY 
One Sunday， Uchimura brought a wooden cross which he made himself to 
his lecture hall in order to talk about the cruci五xionand the atonement which 
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Christ made for mankind. Tears臼ledhis eyes and his voice trembled with 
emotion as he spoke. He stressed Galatians 2: 20 as Christianity in a word:“I 
have been cruci五edwith Christ; it is no longer 1 who live， but Christ who lives 
in me; and the life 1 now live in the flesh 1 live by faith in the Son of God， who 
loved me and gave himself for me." On Jan. 1921， Uchimura wrote a passage 
entitled Cruci五xanity，47las follows: 
CRUCIFIXIANITY 
“Christianity is essentially the religion of the Cross. It is not simply the 
religion of Christ but the religion of Christ crucified. It teaches us not that we 
are to be cruci五edlike him， but that He was cruci五edfor us. The Cross is not 
merely a symbol of Christianity; it is its centre， the cornerstone upon which its 
whole structure rests. Sins forgiven and annihilated on the Cross， blessings prom-
ised and bestowed on the condition of believing acceptance of what happened upon 
the Cross :-inded， no Cross， no Christianity. When， as at present， many things 
pass for Christianity， which are not Christianity，-such for instance as Social Service， 
Ethical Evangelism and Intemational Thinking，一itis very desirable that we should 
call Christianity by new name. 1 propose Crucifixianity as such; and when it too 
shall have been abused and vulgarized by new theologians， 1 will coin another.円
Uchimura loved specially Psalms 23， 46， Isaih 53， Romans 8 and 1 Corinthians 
13 etc. 
24) PUBLICATION OF HIS WORKS 
There are 20 volumes of Uchimura's complete works， each of which has over 
700 pages， totaling about 16，000 pages. These have been divided into 17 volumes 
of the Bible commentaries and another 25 volumes on faith. 
Although Uchimura never advertised his books in papers or magazines， due to 
his belief that truth would in and of itself attract the honest readers， his books 
are widely read among many peoples whether Christians or not. It is very in-
tersting that many pastors who disagree with Uchimura for his Churchless Christi帽
anity continue to read eamestly his Bible commentaries. When 1 attended the 
Tenth World Sunday School Convention in Los Angeles as one of the delegates 
from Japan， in the summer of 1928， 1 was asked to talk about Uchimu問、 Bible
Research Association by several Japanese churches in Califomia. The pastors said: 
“We don't like Uchimura's Churchless Christianity， but we like his solid faith and 
Bible commentaries." There are Japanese groups of the Churchless Christianity 
who are eamestly reading Uchimura's Bible commentaries in San Francisco， Los 
Angeles， Oakland， Berkeley， Pasadena， Long Beach， Califomia， Salt Lake City and 
Denver besides in Japan. 1 sometimes joined their Sunday services while 1 was 
there. His books and pamphlets make over 70 volumes， and since the war， his 
original complete works have risen several thousand times of their orginal value 
although the money here greatly went down. Moreover， his separate volumes are 
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always going into more editions， sel1ing in almost every book store in Japan. I 
would like to try to introduce some of his most representative works and discuss 
the responses to them. 
(1) “How 1 Became a Christian" 
One of Uchimura's most famous writings is “How I Became a Christian" 
Published in May， 1895 in his own English. The contents of the book are: 
1. Heathenism 
2. Introduction to Christianity 
3. The Incipient Church 
4. A New Church and Lay-Preaching 
5. Out into the World-Sentimental Christianity 
6. The First Impressions of Christendom 
7. In Christendom-Among Philanthropists 
8. In Christendom-New England Col1ege Life 
9. In Christendom-A Dip into Theology 
10. The Net Impressions of Christendom-Retum Home 
In the beginning Uchimura planned to publish this book in the U. S. A.， but 
due to varied circumstances it was eventual1y published in Tokyo in May 1895; 
and it went through eleven editions before his death. In the autumn of 1895 
it was published under the title “Diary of a Japanese Convert" by the Fleming C. 
Lebel Bookstore in Chicago through the good 0伍cesof David C. Bel1， Uchimura's 
friend. The五rstedition of only 500 copies was soon out of print. An autograph 
from Uchimura was found in Bel1's collection of Uchimura's letters. It stated that: 
PREFACE TO THE AMERICAN EDITION 
“The publication of this litle volume in America is due wholly to the help and 
encouragement of my revered “elder brother" Hon. David C. Bel1 of Minneapolis， 
Minn. Our friendship that began most accidentally on the bank of the Potomac 
some ten y'四 rsago， has been kept up since then by uninterrupted correspondences， 
with the widest of oceans rolling between us ; and the enduring nature of the bond 
thus formed has ever been to the mind of the author another conc1usive evidence 
of the universality of our mutual Faith， wherein we melted al our di旺erencesin 
ages and nationalities， and found ourselves as c10se to each other as David was to 
Jonathan in the days of old. Sould any good accrue from these pages， let al the 
praises be due to him， who as a never-failing friend of su旺eringhumanity， as one 
of the most successful Sunday School teachers that America has possessed， has 
now offered himself to the service of a poor heathen convert， and五ndstherein joy 
and satisfaction such that love of self can never know. What in this world is 
more sweet that“the tie that binds our hearts in Christian love!" 




1n Eng1and no company wou1d undertake its pub1ication. 1n 1904， a German 
translation of 3，000 copies for the first edition was published by Ver1ag D. Gundert in 
Stuttgart. 1t was the royaIty of this book， 1，000 marks， which was sent to Uchimura 
when he was out of job and on the verge of death from hunger， caused by his anti-
war訂 gumentagainst the Russo-Japanese War in the Yorozuchoho Newspapers. 
Uchimura once said that the royaIty was sent by Divine Providence as 1 
mentioned before. He firmly be1ieved that our prayers will be answered and that 
God's will be done. He once wrote:“All moral prayers are heard. Prayers 
that God's will be done and not ours are sure to be heard. So are prayers for 
p回 ceof mind under any and al circumstances sure to be heard. Promise is not 
that al prayers are heard， but that prayers for the gift of the Ho1y Spirit will be 
heard. Luke 11: 13. Prayers for pureness of heart， for independence， for courage， 
for forbearance， for 1ight of understanding on some dark passages of the Scripture 
紅 epretty sure to be heard. 1n my experience， al spiritua1 prayers are heard， if
not immediate1y， then eventually， Need we ask more?"叫
A 1it1e 1ater trans1ations in Finnish， Swedish， Dannish and French were pub-
1ished in their respective contries. 1n Germany 18，000 copies of the book were 
pub1ished up to 1925. The author's preface to the new edition of the German 
verision is as follows: 
TO MY GERMAN FRIENDS 
“That a new print of my 1itle book 河川eich ein Christ wurde" is to appear 
in New Germany is to be greatly thankful. During the World-War， my sympathy 
was a1ways with Germany， as Germany， not indeed as Germany of mi1itant Kaiser-
ism， but as Germany of Evangelica1 Faith and Idea1istic philosophy. And now that 
the old r匂imeis gone， and the new is come， my 10ve for， and faith in Germany， 
is not changed in the 1east. Germany has a1ways been great in times of its great 
humiliations; and it will be great again in this time of its very great humiliation. 
Germany shom of its navy and colonial possessions appears to me as true to its 
nature， since its true sphere of action is not on 1and or sea， but in mind and 
spirit. And what an honour to me to be permitted to have a share， though minute， 
in the fate of the new， resurrected Germany， through a new edition of my 1it1e 
book! Again 1 quote the the words of Wa1t Whitman， and send my renewed 10ve 
to my dear， old Germany: 
“Have you heard that it was good to gain the day? 
1 a1so say it is good to fal， battles are 10st in the same 
spirit in which they are won." 
Kanzo U chimura 
Nov. 30， 1922 
Tokyo， Japan 
The book is a confession and an autobiography of Uchimura's spirit， one which 
deep1y impresses its readers. Rudolf Eucken4ピ19凶9) (1846一1926同)， Georges Cα1emenceau'印0
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(1841-1929)， Prof. Ragaz of Zurich University and others read the book， each 
having similar profound sentiments and sympathies for Uchimura， saying that they 
would like to see him once. One Sunday morning in his lecture hall Uchimura 
showed us a letter from Eucken. 
(2) “Kiristoshinto no Nagusame" 
(Comfort of a Christian) 
The book was published in 1893 aiming to comfort and give strength to 
Christians who like Uchimura， were severely botherd by their di伍cultiesand sins 
in their attempt to comprehend the teaching of Jesus. This was his maiden work 
written during the most unhappy time of his life， after the lese-majesty affair; he 
dedicated the book to his former wife， Kasuko， who had sacri五cedher life for the 
author because of the lese-majesty afair. The book is a great comefort for one in 
troubles; it was commented on very favorably by a great many Christians and went 
through several scores of editions. The contents are as follows: 
1. The Death of My Loved One 
2. Deserted by One's Own Nation 
3. Deserted by the Christson Church 
4. Business Failure 
5. Poverty 
6. An Incurable Disease 
(3) “Kyuan-Roku" 
(Seeking for Peace， Desire for Peace) 
The book was published in 1893， and instead of a preface， the author quoted 
the following sayings on the first page. 
Pomegranade opens its mouth to show its heart.-Basho 
(N. B.， A well.主nowJapanese seven批1此te白en匂rllableverse) 
When you have turned again， strengthen your brethren. 
Christ (Luke 22: 32.) 
Not that 1 have already obtained this or am already perfect; but 1 press on 
to make it my own， because Christ Jesus has made me his own. Brethren， 1 do 
not consider that 1 have made it my own; but one thing 1 do， forgetting what lies 
behind and straining forward to what lies ahead， 1 press on toward the goal for 
the prize of the upward call of God in Christ Jesus. 
Paul (Philippians 3: 12-14.) 
Dante has been here; as neither 1 nor any of the Brothers recognized him. 
1 asked him what he wished. He made no answer， but gazed silently upon the 
columns and galleries of the cloister. Again 1 asked him what he wished and 
whom he sought; and slowly turning his head， and looking around upon the 
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Brothers and me， he answered，“Peace !" -Hilary 
The more 1 think of it， 1五ndthis conclusion more impressed upon me-that 
the greatest thing a human soul ever does in this world is to see something， and 
tel what it saw in a plain way.-Ruskin 
The contents are as follows: 
1. Sorrow 
2. Internal Schism 
3. Extricating from Sin 
1) Revival 
2) Learning 
3) Study of Nature 
4) Philanthropic W ork 
5) Study of Theology 
4. Theological Seminary 




6. Principle of Sin 
7. Visiting of Joy 
8. Interpretation of Faith 
9. Paradise Regained 
10. Philosophy of Atonement 
11. The Last Problem 
In “Sorrowヘtheauthor stated that man should not commit sin， but he com-
mits sin， he has the duty and the strength to be pure and he is not pure， he has 
the quali五cationto be an angel but he often is no better than a beast， with the 
sorrowful groans of mankind. 
In the “Internal Schism"， the author made its fact clear; and then continued 
that the revival， learning， the study of nature， philanthropic work and the study 
of theology， as in “Extricating from Sin"， and also home， hedonism and optimism， 
as in “Forgetting Sinぺareineffectual in order to solve the problems at last. He 
made the “Principle of Sin" clear and then discussing the “Visiting of Joy" ， and 
“Paradise Regained"， he五nallymade the “Philosophy of Atonement" clear， quoting， 
“By grace you have been saved through faith; and this is not your own doing， it
is the gift of God." (Ephesians 2: 8.) 
The author quoted the following : 
“The Lord who al our foes o'ercame， 
World， sin and death， and hell o'erthrow 
And Jesus is the Conqueror's name." 
-C. Wesley. 
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“1 fear no more. The clouded face 
Of Nature smiles; through al her things 
Of time and space and sense 1 trace 
The moving of the Spirit's wings， 
And hear the song of hope he sings." 
-Whittlier. 
381 
ln the “Last problemヘUchimuraended that“1 will pray， prayer is al 1 can 
do as 1 have no strength" saying: 
“But what am 1? 
An 'infant crying in the night: 
An infant crying for the light : 
And no alnguage but a cry." 
The book is not only a kind of personal confession， but a record of the facts 
with which the author wrestled with when he was confronted with di伍cultpro四
blems in his daily life. He especially expanded on the principle of sin， the phi-
losophy of atonement and on living a life of faith. We can be proud of the fact 
that we have such a prototype of Christian faith in Japan as UchImura. 
(4) “Ichinichi 1呂田ho"
(One Day， One Life) 
Uchimura wrote a book titled，“One Day， One Life" lt was modeled on 
“Bogatzky's Golden Treasury"， quoting a holy passage daily and giving its author's 
impression as daily spiritual food. 
In the foreword， the author mentioned that hs is overwhelmed with shame in 
comparing his work with this worldly notable book. He wrote:“May the Holy 
spidt make up my imdciency and uSe this book-"(September7，1926) 
1 woulq like to attempt a translation of the first seven days ~f January from 
“One Day， One Life" 
January 1st. 
ln the beginning God created the heaven and the earth. (Genesis 1: 1) 
“ln the beginning God created the heaven and the earth." In this one paragraph 
there are al views of life and of the universe for we Christians. Although the 
universe is very big， itwas from the beginning created by God; therefore God， 
of course， can change it or reconstruct it and in some cases stop its movements or 
quicken them. The universe was made by God， so it is my Father's garden， and 1 
have no fear to live in it. If 1 leave my country and go to a foreign land， God 
is surely there. If 1 leave this earth and go to Jupiter of Mercury-， He is surely 
there. He is in Orion. He is also in the Priades. And if 1 should leave this 
universe and go to another universe far away， my Father is also there. By being 
reconciled with God and becoming His child， the universe becomes a lovely paradise. 
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If 1 adore His great works here， and sing His glory with my mouth， when 1 finally 
sleep in death， He will receive me in His holy hands again， and let me be able to 
praise His holy name etemally in the new sphere， and the new Jerusalem. 
* ヰ * 
JanuaりI2nd. 
God said， Let us make man in our image， after our likeness: and let them 
have dominion over the fish of the sea， and over the fowl of the air， and over the 
cattle， and over al the earth， and over every creeping thing that creepeth upon 
the earth. So God created man in his own image， in the image of God created 
he him; male and female created he them. (Genesis 1: 26，27.) 
“God created man in His own image." and “The real sanctuary is man." and 
also “You are God's sanctuary and God's spirit is in you." If so， isman's body 
created by God in the image of the universe? And if tne universe is God's body 
and if man is created in the image of the universe， should man not express the 
image of God also in his outward form too? May God forgive me for this my 
wild imagination. 1 do not intend to anthropomorphize God， but 1 want to raise 
man up to the proper high position， which God gave him. Man always regards his 
fl.esh with his lower sense， saing it is merely a mass of fl.esh in comparison 
with that of animals; he does not know how valuable and sacred it is. He does 
not know that he desecrates the image of God when he desecrates his body. Holy， 
holy， Jehovah， the Lord of Host! Are our bodies not indeed sacred sanctuaries 
created in your image? 
* * * 
Januarッ3rd.
The wolf also shall dwell with the lamb， and the leopard shall lie down with 
the kid; and the calf and the young lion and the fatling together; and a litle 
child shall lead them. And the cow and the bear shall feed; their young ones 
shall lie down together: and the lion shall eat straw like the ox. And the sucking 
child shall play on the hole of the asp， and the weaned child shall put his hand 
on the cockatrice' den. They shall not hurt nor destroy in al my holy mountain : 
for the earth shall be full of the knowledge of the Lord， as the waters cover the 
sea. (Isaiah 11: 6-9.) 
The rain of blessing has fallen on the top of Mt. Fuji; moistening her foot， 
and overfl.owing into two running waters. The west stream ran across the Japan 
Sea， washed Mt. Chohaku， soaked Mt. Konron， poured her waters at the foot of 
Mt. Tenzan and Mt. Himalaya and was used up in the waste land of India. The 
east stream ran across the blue Paci五cOcean and destroyed the五reof mammon 
worship at the foot of the Rockies， purifying God's holy temples at the banks of 
the Mississippi and the Hudson， and then vanished into the Atlantic Ocean. The 
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peak of the Alps saw these waters and sang loudly with the dawning stars; the 
Desert of Sahara also rejoiced at them and gave bloom to Saffran flowers. Thus， 
the know ledge of God had flowed over the whole earth as the waters cover the 
ocean， and thus this worldly kingdom had changed into Christ's kingdom. Then 1 
awoke from my sleeping， and 1 alone cried in a loud voice，“Amen! be it truly 
so. Thy will be done in earth as it is in heaven." 
N. B.， 1. This article was once published as“The First Dream of the New 
Year" by Uchimura in January 1907. 
2. Mt. Fuji 
The highest and most beautiful mountain in Japan， 3776 meters above 
sea level conic shape. School children sing of Mt. Fuji. 
3. Mt. Chohaku， 2774 meters in the east China. 
4. Mt. Konron， 8611 meters in the western China. 
5. Mt. Tenzan， 7200 meters in the western China. 
Once a young American missionary came to me， and we read this dream of 
Uchimura's. He was delighted by the grandeur of its thought and faith， so he 
copied it in order to take it with him. In this dream， Uchimura's poetic and pro-
phetical thought became as vivid as his bravery in the fight for the truth of the 
Gospel and for humanity. He meant， ifJapan will believe in the Gospel of Christ， 
this will not onry save her， but also it will be a light for al the world. 
* 本 ネ
January 4th. 
There shall come forth a rod out of the stem of Jesse， and a Branch shall 
grow out of his roots: An the spirit of the Lord shall rest upon him， the spirit 
of wisdom and understanding， the spirit of counsel and might， the spirit of know-
ledge and of the fear of the Lθrd. (Isaiah 11: 1， 2.) 
When millions of troops defend the fortress， and harps sound high in Caesarラs
palace and strong generals boast of their rewards， God has sent his son who lies in 
a manger where cows and sheep are looking for food on a hil of Bethlehem， and 
has opened the way of salvation for the human races. The reform comes to the 
world always in this manner. When al the world expects the sovereigns and 
troops for their salvation， God has sent a poor child who lay under a thached 
roof， in order to open the new era in this world. Now， the voice of reform is 
high up again. Let us visit Bethlehem， following after the model of the eastern 
wise men， not go to Rome in order to seek our saviour. 
ヰ 本 * 
Janz叫 ry5th. 
Thus saith the Lord; Cursed be the man that trusteth in man， and maketh 
flesh his arm， and whose heart departeth from the Lord. For he shall be like the 
heath in the desert， and shall not see when good cometh; but shall inhabit the 
(383) 
"384 Naoshi Koike 
parched p1aces in the wilderness， in a salt 1and and not inhabited. B1essed is the 
man that trusteth in the Lord， and whose hope the Lord is. For he shall be as 
a tree p1anted by the waters， and that spreadeth out her roots by the river， and 
shal1 not s田 whenheat cometh， but her 1eaf shall be green; and shall not be 
carefu1 in the year of drought， neither shall cease from yie1ding fruit. (Jeremiah 
17: 5-8.) 
If the good is God， the bad， of course， isseparating from God. Stea1ing， 
killing and committing adultery are the resu1t of separating from God， not of sin 
itself. Punishment by nationa1 law when one kils a man， isnot on account of 
murder's crime itself， but because one threw God away. Whi1e God is with me 
and I am with God， I can not commit a crime even if I wou1d try; I have no 
sense of sin within myself. My imperfection， despising others， being taken by 
greediness， my haughtiness and my 1ack of 10ve for others， these町 eal because 
I 1eave God. Therefore， ifI come back to God， I can be a good person. This 
is the on1y way in which to be saved from the sin. 
* 牢 * 
January 6th. 
He has delivered us from the dominion of darkness and transferred us to the 
kingdom of his beloved Son， in whom we have redemption， the forgiveness of 
sins. (Co1ossians 1: 13-14.) 
Those who have come to Christ wanting to be christianized will inevitab1y 
abandon Him; those who have come to Him wanting to gain a new thought or 
wide socia1 intercourse will a1so abandon Him. On1y those who have come to 
Him wanting to be redeemed from their sins and to become sa ved spirits will stay 
with Him eternally. Those who seek for Christ either aesthetically or philosophi-
cally or socially， will finally have to separate from Him. The so-called seekers 
after truth in the world need to pay attention to this point. 
本 * ヰ
JanuaりJ7th. 
Remembering before our God and Father your work of faith and 1abor of 
10ve and steadfastness of hope in our Lord Jesus Christ. For we know， berthren 
be10ved by God， that he has chosen you. (I Thessa10nians 1: 3， 4.) 
Faith is be1ieving in God's truth and sincerity. Hope is hoping for resuarec-
tion， eterna1 1ife and for God's kingdom which is about to come. Love is God's 
10ve as showed in Christ who， was crucified and died and arose from the dead. 
Overcoming the wor1d are these three things. 
牛 * 本
This “One Day， One Life" is read widely among Japanese Christians without 
distinction， in churches or out of the church. In the summer of 1946 when I 
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served as an interpreter for war crimes at“His Majestic Prison"， Changi near 
Singapore， I found that this book eager1y being read by thousands of Japanese 
suspects because someone had sent a copy to them. The book had been read so 
much that its papers and pages were becoming thin and torn. Sometimes I was 
asked to ta1k about Christian faith by the suspects; I wou1d ta1k on sa1vation from 
sin and our attainment of eterna1 1ife by means of this book， before thousands 
in the big ground of the prison; brave genera1s and privates heard me so eager1y 
as to seem sudden1y to become Christians. It was the prisoners under the sentence 
of death who read this book most eager1y， and some copied parts of the book in 
order to memorize it by heart. Directly before death everybody seeks God earnest1y 
and serious1y. 
Uchimura's books were a1so sent to the war crimina1s at the prison in Sumatra 
where they were read eager1y in order to bring comfort and strength to those in 
such a di伍cultsituation. On Christmas Eve， 1946 when I was an interpreter at 
the prison in Medan， Dutch Missionaries， both Catholic and Protestant， visited the 
prison in order to give food， cakes， and cigarettes to the prisoners there. The Rev. 
Ds. de K1eine had kind1y brought for me cooked meat with rice in a mess-tin and 
a record of “Silent Night， Ho1y Night." That night a1 the suspects heard the 
music solemn1y， though with inner rejoicing through the iron doors of the prison. 
Some of them had tears in their eyes for their hearts were overflowing with emotion. 
By their request， sometimes I expanded on Ga1atians and Romans with Uchimu問、
commentaries. During those nights the roaring of cannon were heard at short 
interva1s in the conflict between the Dutch and the Indonesian Independent armies. 
The Rev. Ds. de K1eine requested me to give my Japanese Bib1e to a crimina1 
under sentence of death， and in my Eng1ish Bib1e he wrote as fo11ows， in Greek: 
勺να ゐ()I ~)I Kαf)'Wc r;fleZC" (that they may be one， even as we are one.-John 17: 11.) 
This impressed me very much. I can't forget the Christian 10ve， friendship and 
he1p of the Rev. K1eine in that very di伍cu1ttime of 1ife. How thankfu1 we were 
for their Christian friendship and 10ve which rose above the hosti1e fee1ing between 
enemyand enemy! 
Whi1e . I was working at the detention camp for the Ho11anders in Medan as 
a civi1ian 0伍cer，I a1so tried to he1p the interns as much as I cou1d. I used to 
give them sugar and cigarettes， etc. Although it wasn't much， itwas a1 I cou1d 
do because of the訂 my's strict discip1ine. Even though it seems very sma11 this 
was appreciated very much in those times. 
25) EMIL BRUNNER'S IMPRESSION 
Emi1 Brunner (1889- )， professor of theo1ogy at Zurich University came 
to Japan as a professor at the Internationa1 Christian University， in Tokyo from 
1953-1955. I once heard him speak， and at that time he expressed his deep appre-
ciation of Uchimura as the first great Japanese evange1ist and as a good interpreter 
of the Bib1e. He mentioned a few of the characteristics or“fami1y-1ikenesses" of 
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the students or spiritua1 chi1dren of Uchimura: 51) 
(1) They are al very independent Christians， expressing their Christianity in 
their own individual way. 
(2) They are al faithfu1 and 町 dentstudents of the Bib1e， without being 
bib1icistic 1itera1ists. 
(3) So far as my acquaintance with them goes， 1 have found them to be men 
回 mestlyt巧Tingto live as followers of Christ without showing any form 
of 1ega1ism in their way of 1iving. 
(4) 1t so happnes that al of them are men of high standing in their own 
五e1dsof academic studies. 
Every one of these traits can be traced back to their spiritua1 father. Kanzo 
Uchimura was， before al， a man of the Bib1e， or shou1d 1 rather say， a discip1e of 
Jesus Christ who had found his Saviour through the New Testament writing and 
the ministry of a Methodist missionary. He therefore was a“tied" man， tied to 
Jesus Christ and His gospel in an abso1ute way， and at the same time a free man 
in al other respects. The zea1 to 1ive the New Life was matched on1y by his zeal 
to make the gospe1 known to his fellow Japanese. (from: A Word of lntroduction 
to The New Edition of The Works of Kanzo Uchimura， Emi1 Brunner， 1955). 
26) INSCRIPTION ON THE GRA VESTONE 
When Uchimura passed away with a heart-disease on March 28， 1930， 1 was 
a students of the University of Souther Ca1ifomia， Los Ange1es. We， his students 
and severa1 dozen readers of Uchimura's Bible Study Month1y there， gathered at 
the Hollywood 1ndependent Church to ho1d a memoria1 service for the 1ate Uchi-
mura. 1 played “God be with you til we meet again!" on the piano， and 1ater 
sent a te1egram，“1 congratu1ate my beloved teacher's triumpha1 retum to Heaven!" 
to his wife in Tokyo. 
On Uchimura's gravestone at Tama Cemetery in Tokyo the following， which 
was found on the inside of the front cover of his old English Bible， was engraved 
in obedience to his will. This inscription is one which 1 happened to notice whi1e 1 
was staying. at his home in the summer of 1926， about four years before his death. 
To be 1nscribed upon 
my Tomb 
1 for Japan; 
Japan for the W or1d ; 
The W orld for Christ; 
And All for God. 
The 1ate Tadao Yanaihara， who had been a member of Uchimura's Bib1e 
Research Association， when he was President of Tokyo University severa1 years 
ago， quoted Uchimura's gravestone inscription to his graduating students at the 
commencement ceremony which 1 myself heard over the radio. 
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27) YEARLY COMMEMORATIVE LECTURE MEETING 
Every year on the Saturday and Sunday mearest March 28， Uchimura's date of 
death，“Uchimura's Commemorative Lecture Meeting" has been held in Tokyo， 
Osaka， Kobe or other place in Japan， since 1931 the year following his death. 
In Tokyo and Osaka thousands of people attend the meeting. The meetings are 
not only to honour the memory of Uchimura but to discuss the truth of the 
gospel and salvation of mankind in the Bible. 
The speakers for the meetings are university presidents， professors， physicians 
and independent evangelists， etc.， those who are quite scholarly and are top Bible 
research workers in contemporary Japan， and who are not graduates from theologi-
cal seminary. Most of those who attend are Christians， though some are not. 
However， everyone is seeking real repentance and conversion to a new life through 
the gospel. Their attitude is so sincere and eamest that they never indulge in 
useless talk or in false flattery. 
They become serious and devout， conscious of being before God， our Father. 
Such a reverent and pious and God-fearing atmosphere of silence and seriousness 
1 seldom found when 1 attended American and European churches. As their con-
sciences and souls are pierced by the sword of God's word， they stand before God 
in contrition， asking forgiveness for their sins， going to Christ in quest of a New 
and Etemal Life in Him. “If any one is in Christ， he is a new creation." (I 
Corinthians 5: 17.) Indeed， faith for us is living a new life in Christ and in God. 
We would like to strain eveηT nerve in serving the gospel of the Cross. 
28) COMMENTS FROM THE REV. ALBERT KUHN 
The Rev. Albert Kuhn， the 90-years-old paster of the First Presbyterian Church， 
Kimberly， Wisconsin， former professor of Greek， Bible and Latin at the University 
of Dubuque in Dubuque， Iowa sent me letters in which he stated his opinion of 
Uchimura. 
Following is one of his letters dated Feb. 22， 1964: 
“...Uchimura was truly a man of God. Most of what he said五ndsa strong 
echo in my own thinking and feeling. 1 regard with him Jesus is in his own 
personality， an Echo from God; 1 regard God as the Fountain Head of al Energy， 
physical， mental， moral. 
Uchimura was a man to my own heart. Like him 1 am not a great organi司
zation church man but a man who wants to love and serve al men and one who 
wants to do his own thinking. Like him 1 have litle use for formality， ceremonials， 
slavery to creeds and formalities. 1 am very glad that such a man as Uchimura 
has made a deep impression in Japan. 1 regard the Bible， both the Old and New 
Testament， as one of the human attempts and a very remarkable and helpful one 
of comprehending and feeling God， but only an attempt at a task which transcend 
mere human power. 
But God loves the universe which He has created and gives to al of his 
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creations such ability to feel and comprehend Him， as that creation needs fulfil 
its mission in the life universal. Man' s gift of comprehending God is limited， very 
limited， but for the purposes of God and of human existence adequate， su伍cient・・・"
29) THOUGHT AND FAITH: CHARACTERISTICS 
Y our friend， 
Albert Kuhn 
One can say， the characteristics of Uchimura's thought and faith are: 
Bushido， Puritanism， Pietism， Individualism plus Biblicism. He was the son of 
a Samurai， Bushi， warrior and had the Bushido spirit. Bushido was his good 
mental and spiritual preparatory field to be sowed with seeds of Christianity， though 
it by itself could not have saved him or his country-men. 
What was Bushido? The principle of Bushido was an ethical and moral rule. 
It regarded royalty， sacrifice， faithfulness， honour， courtesy， purity， the simple life， 
thrift and love in high esteem. It flourished among the ancient Japanese warrior 
classes as their code and especially in the Kamakura (1192-1333) and Edo (1600-
1876) periods， itwas influenced by Confucian thought. Bushido originally meant 
to help the week against the strong and unjust. The Samurai gloried in honorable 
poverty. Moreover， his word was final. He even chose death by “Seppuku" to 
dishonor， and he hated meaningless五ghtseven in those turbulent ages. Such a 
deeply-rooted conviction was constantly flowing in the deepst part of Uchimura's 
heart. Uchimura's view of Bushido and Christianity is as follows: 
N. B.， Seppuku， harakiri， self.disembowelment: to stab the abdomen with a s¥ ord and cut across 
the innards. 
BUSHIDO AND CHRISTIANITY 
(January， 1916) 
“Bushido is the五nestproduct of Japan. But Bushido by itself cannot save 
Japan. Christianity grafted upon Bushido will be the五nestproduct of the world. 
It will save， not only Japan， but the whole world. Now that Christianity is dying 
in Europe， and America by its materialism cannot revive it， God is calling upon 
Japan to contribute its best to His service. There was a meaning in the history 
of Japan. For twenty centuries God has been perfecting Bushido with this very 
moment in view. Christianity grafted upon Bushido will yet save the world."叫
His life had two foci， like an ellipse， as he himself mentioned in “Two 1's，"-
Japan and Jesus. They were his two bosom companions and lovers through his 
whole life. He was not the bearer of such a degree as Doctor of Divinity or 
Doctor of Philosophy， but a layman who had gained for more knowledge by reading 
the Bible. He had many di伍cultexperiences in his life五ghtingfor truth and 
righteousness. By charchmen he was many stigmatized as a heretic or a church-
destroyer because he loved the church so as to teach the Bible itself there， and 
by his countrymen he was branded as a traitor because he loved his country so 
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much as to let people know the truth itself. Some people on the other hand， did cal 
him a prophet. In any circumstances， though， whether he was hated or praised by 
the people， he maintained his love for them because his love for the “Two J's" could 
sustain him. He was a great enemy to injustice， he condemned the offense， but he 
pitied the offenders. We sometimes scold our children when they are in error， 
making them angry at us， but stil we love them. And so Uchimura loved Japan. 
30) CONCLUSION 
The development of the inner life of Uchimura can be considered to progress 
through three stages:日)
1. A monotheistic faith: 
He signed his name in the “Covenant of Believers in Jesusぺandwas 
baptized in Sapporo in 1878. His superstitions that he feared and wor-
shiped al gods of heaven and earth were broken down and his thoughts 
were consolidated. 
2. A faith of Atonement: 
Directed by Julius Hawly Seelye， President of Amherst College， 
Amherst， Mass， U. S. A. (1886). He recognized his atonement in the 
Cross of Christ， not within himself nor in his work or virtue. 
3. A faith of Eschatology and in the Second Advent of Christ: 
Developed in Tokyo. (1918). As he once made public， he was driven 
to this position， a position resulting from the influence of First W orld 
War. That Christendom started a cruel war deeply disappointed him， and 
consequently he fled into this eschalogical faith. Regardless of wars and 
rumors of war， he became “a newer man"，五rmin his faith...a faith in 
the Second Advent of Christ. He believed in the resuscitation of al 
things， the reconstruction of the universe， the victory of righteousness， 
and in the Last Judgement. 
He came to believe :“For the Lord himself will descend from heaven 
with a cηof command， with the archangel's call， and with the sound of 
the trumpet of God. And the dead in Christ will rise五rst;then we who 
are alive， who are left， shall be caught up together with them in the 
clouds to meet the Lord in the air， and so we shall always be with the 
Lord." (1 Thessalonians 4: 16-17.) In the light of the faith in the Second 
Advent of Christ， he came to believe the whole Bible to be his own 
book， that is God's words especially for him. He said that he was 
a Pre-millennialist， not a Post-millennialist54). 
When his daughter Ruth died in 1912， he no doubt may have entered into 
the early stages of his faith in the Second Advent of Christ and in the Resurrec-
tion and Etemal Life. However， itseems he fully accepted and was con五rmedin 
its immovable faith after the conflict on nations. (1918). 
For in 1918， he gave public lectures on the Second Advent of Christ in co司
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operation with two pasters in Tokyo， Osaka， Kyoto and Kobe.55) 
In the evening of August 24， 1918 he de1ivered a 1ecture on“Bib1e Teaching 
in Japann， emphasizing the Second Coming of Christ" before about 400 foreign 
missionaries at Karuisawa， and in the following evening gave a 1ecture on“Forty 
years of Christian Be1ief， emphasizing the Second Coming of Christ" at the same 
p1ace. His speeches made a great impression on the audience.56) 
Kanzo Uchimura passed away on the 28th of March， 1930 in Tokyo Japan 
10st a true patriot， a Christian reformer， and the wor1d 10st a prophet. Indeed， 
“Two J's"-Japan and Jesus were his b100d and flesh and his 1ife. He batt1ed 
brave1y五ftyye町 s10ng， offering himself to the “Two ]'s"， and it was all for the 
world and for Christ and for God， as is inscribed on his gravestone. (cf.“Ins. 
cription on the Gravestone") His dying praper was for the happiness of mankind， 
the p戸ros叩pe白1
meaning and the仰-praye町r0ぱfhis who1e 1ife. 
1 hope， we do not on1y recall the bygone days of Uchimura， but that with 
God's strength and 10ve and we strive to further the truth of the Gospe1， as it 
shines triumphant1y across the remains of Uchimura. 
(Received Apr. 30， 1965) 
31) NOTES: 
1) cf. No.9“Lese.majesty Affair" 
2) These playing cards of the Japanese alphabet are used in Gunma Pref.， Uchimura's native place. 
3) Kanzo Uchimura， ，‘Th巴 CompleteWorks of Kanzo Uchimura，" vol. 15， (Tokyo: lwanami Sho・
ten， 1933)， p.13.げ{ow1 became a Chηstian.) 
4) This school was originally opened by the government in 1872 in a temporary schoolhouse on the 
premises of the Zojoji Temple， Shiba， Tokyo， and it was moved to Sapporo， Hokkaido in 1875. 
(Hokkaido University Manual， 1959)， p.3. 
5) (1) Kanzo Uchimura，“The Essays of Kanzo Uchimura"， vol. 17， (Tokyo: Iwanami Shoterし
1954)， pp. 120-122. (Mr. William S. Clark， as an evangelical teachre of the Christsanity) 
(2) Ibid.， pp. 126-130. (Count Kuroda died.) 
(3) Shingo Osaka，“Essays on Dr. William Smith Clark"， (Sapporo: Nakanishi Press， 1963) 
pp.3-7. 
Clark was born in Ashfield， Mass.， graduated from Amherst College in 1850. studied 
mineral chemistry at Gottingen University， Germany. After returning home， he became 
a professor of his Alma Mater. In 1861 he enlisted in the Armies of the North in order to 
五ghtin the Civil羽Tar，and fought gallantly as a colonel of the 21st Massachusetts Volunteer 
Regiment. In 1868 he became the president of the Massachusetts Agricultural College， 
Amherst， Mass. 
Clark arrived in Japan on June 29， 1876. On the 8th of July he went to the American 
Bible Society on Y okohama to buy 50 copies of the English Bible. The Rev. Luther H. 
Gulick (1828-1891)， the directer of the societyasked in astonishment，“What for， so many?" 
He replied:“1 want to teach the Bible to my young boys in Sapporo." 
Gulicl王saidthat in this country teaching the Bible was prohibited by the government. How. 
ever， Clark bought the said copies anyway and put them in the bottom of his baggage. 
Late in ]uly， Clark and Kiyotaka Kuroda (1840-1900)， the head of the Commission of Colo】
nization， sailed from Shinagawa for Hokkaido on the Gembu-Maru. They were accompanied 
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by tv，o professors whom Clark had broght from Amherst and also by his 16 students from 
Tokyo. 
Soon after getting on board， off the coast of Shinagawa， Kuroda and Clark discussed 
about the character-building of the students. Clark mentioned his conviction that there was 
no way to reform the students' characters except by teaching the Bible. Kuroda said:“I 
cannot agree with you， bec且usethere is Confucianism and Shintoism (the way of the gods) 
in Japan， why should we necessarily use a forign relision? Y ou may teach ethics to the 
students， but you shall not teach the Bible of Yaso-Kyo (Jesus-Religion) to the students." 
Clark answered:“If so， 1 cannot teach morality at all; my morality is in the Bible， 1 can-
not teach morality apart from the Bible. Kuroda was a Japanese lieutenant-general and 
Clark was an American colonel， two strong men neither of whom would yield to the other 
in their rivalry. The boat touched at Hakodate and then sailed on clearing stormy waves. 
It arrived at Otaru， on July 30th， and after one night's repose there， they came to Sapporo， 
their destination. Their fundamental policy of the moral education remained unsettled， and 
as the time of opening school drew near， neither of the two would yield. It was on August 
13th， the next morning the college would b巴 opened，that Kuroda said to Clark:“You do 
not depart from your principle after al， but 1 can not do otherwise. 1 will tel you that you 
may teach the Bible to the students， but 1 hope not openly." Clark answered Kuroda:“I 
thank you， from tomorrow on 1 will lecture on ethics to my students." 
Clark was a man who could not sing any kind of song， so he recited hymns with his 
own peculier way of intonation， but his earnestness charmed his students. 
His teaching of the Bible was also unique; he taught as one who had authority， and 
not as merely scribe. His students were converted to Christianity one by one; he drafted 
a confession of faith by himself entitled “Convenant of Believers in ]esus，" on which Uchi 
mura signed his name with his classmates. He supposed his name to have stood the last 
but one or two. (cf. Kanzo Uchimura，“The Complete Works of Kanzo Uchimuro"， Tokyo: 
1 wanami， Shoten 1933， vol. 15， p.18. How 1 became a Christian) This was the五rstinstance 
of the Christianity in Sapporo， Hokkaido. 
In later years Clark's fortune reached its lowest ebb because of the failire on his 
business， and at the s旦metime he was misunderstood and accused by his old friends. After 
his funeral had taken place， his remains were buride in private. Nobody officially praised 
his merits nor comforted his bereaved family. At that time Uchimura was in Amherst and 
this was more than he could bear. Consequently， he contributed to“Outlook" an article 
dedicated to Clark， arraying his achievement in Japan. At the moment of death， Clark had 
said in a low voice，“In my life， my only hope is that 1 taught the Bible to the students for 
eight months in ]apan， and it is my great comfort now." Hearing these words through 
a congregational minister， Uchimura was deeply impressed， just as if his own father passed 
away. The above-mentioned story was once told directly by Uchimura when h巴 lectured
on“Romansヘatthe auditorium of the Japan Sanitary Building in Tokyo. (It was on this 
occasion that he mentioned that a prophet is without honour in his own country.) 
Clark was not a professional minister， he was a mineralogist and a botanist and also 
a colonel and yet he rendered more distinguished services than professional missionaries 
Uchimura imagined that as Clark as approached the ]apanese shore for the五rsttime， he was 
taken by an evangelical spirit， some mysterious strength， which would allow him to achieve 
his great work. Consequently nothing could prevent him from accomplishing his ambition. 
Uchimura believed that when a man stands up for a great mission， he can perform rnuch 
more than he expected. He thought that this was perhaps true the case of Clark as 
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it was in the case of many other great men. “The very stone which the builders rejected 
has become the head of the corner" was Clark's beloved verse. (Matthew 21 : 42.) 
Of our human relationship， 1 believe that which may have eternal life would be only 
the part that is formed by God and his love; al others however beautiful， noble， high and 
c1eep they are， may五nallyperish with this worlcl. 
There is “Clark Memorial Student Centerヘatthe Hokkaido University， Sapporo， where 
stands a bust of the man with his words written upon it:“Boys， be ambitious !". There is 
also “Clark-Manju" (A bean-jam bun); this is a traclitional sweet food in Sapporo. “Boys， 
be ambitious!" is written on it also. 1t is palatable; it is not so easy to. get however. 
The appreciation of Clark's pioneering spirit in Hokkaido is stil very c1eep in the minds of 
many of the Japanese， but particularly in the mincls of the people of Hokkaiclo. 
6) cf. 1 Samuel 18: 1 and ch. 20 of the same. 
7) On one Sunclay morning after lecturing on the Bible， Uchimura summonecl about ten men ancl 
women who were previously baptizecl by him to his detachecl house， callen“Y ogenji" (means 
prophesying temple) to hear their impressions since their christening. The reason he named his 
house “Y ogenji" was that only his faithful servant， who formerly was a young Buclclhist priest， 
ancl he livecl in the house which was usually closecl to female visitors. The upper story was 
his stucly where he kept thousancls of books， mostly in English， in goocl orcler. At that time he 
mentioned that he， as a Christian stuclent， would not allow himself to be beaten by unbelieving 
stuclents. He preparecl for al of his examinations on Saturclay， ancl as the result of his graclua-
tion examination， he won first place on the list. Kingo Miyabe， his bosom classmate， (later 
a professor of botany of his Alma Mater， worlcl-famous botanist ancl the五rsthonorary citizen 
of Sapporo)， won seconcl place， 1nazo Nitobe (later the Assistant Secretary General of the 
Secretariat of the League of Nations at Geneva) the taircl place， ancl al the plac巴sup to seven 
on the list were occupiecl by Christian students; unbelieving stuclents were al lower than they. 
Miyabe strove in order to not be c1efeatecl in Botany which was his major， but the result of 
examination was that he got 98 points and Uchimura got 100 points. 
8) Toshiro Suzuki，“Recollection on Kanzo Uchimura"). (Tokyo: 1wanami Shoten， 1956)， pp. 150-155. 
9) (1) Taijiro Yamamoto， "Kanzo Uchimura， Autobiographical Letters to Bellぺ(Tokyo:Shinkyo 
Sh】u叩PI加
(問2勾) Akio Dohi， ，‘Kanzo Uchimuraぜ"ベ(Tokyo:Ni甲pponKiristωokyoclan Press， 1962)， pp. 31-36. 
(3) Shigeo Masumoto and Otokichi Fujisawa，“Biography of Kanzo Uchimura九(Tokyo:Doku-
ritsuclo， 1935)， pp.60-67. 
10) (1) 1bid.， pp. 119-126. 
(2) Kanzo Uchimura，“Essays of Kanzo Uchimura"， vol. 18， (Tokyo: 1wanami Shoten， 1954)， 
pp. 103-104. 
(3) When 1 attencled the Tenth Worlcl Sunday School Convention in Los Angeles in the Summer 
of 1928， 1 met an old Japanese minister from Sacramento， Calif.， who told me that Uchimu-
ra's wife hacl been once introclucecl by him. At that time， 1 was so young that 1 thought-
lessly wrote a letter to Uchimura， concerning this. 1 thought he woulcl be pleasecl at my 
news， but before long a friencl of mine who was a memcler of Uchimura's Bible Ressearch 
Association Wrote me that Uchimura hacl mentionecl，“He is quite not himself， heartless." 
Even toclay 1 sometimes regret that 1 wrote such a careless letter to him since it hacl been 
the cause of sacl recollections. 
11) 1bid.， pp. 109-112. (Uchimura's letter to his fath巴rc1atecl Dec. 21， 1884). 
12) Kanzo Uchimura， "The Complete Works of Kanzo Uchimura"， vol. 15， (Tokyo: Iwanami Sho-
ten， 1933)， p.97. (Ho叩 1Became a Christian.) 
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13) Joh Niijima (1843-1890) was bom in Annaka， Gunma Pref.， the same native place as Uchimura 
He made his way to the United States in 1861 by stowing away. 1n 1870 he graduated from 
Amherst College; he graduated from Andover Seminary in 1874， lader be founded Doshisha 
University in Kyoto. There is “Niijima Gakuen" (Niijima School) at Annaka in memory of him. 
(“Biographical DictionaryヘTokyo:Heibonsha， 1954)， p.51. 
14) Akio Dohi，“Kanzo Uchimuraヘ(Tokyo:Nippon Kiristokyodan Press， 1962)， p.72. 
15) Kanzo Uchimura，“Essays of Kanzo Uchimura"， vol.17， (Tokyo: 1wanami Shoten， 1954) pp.118-119. 
16) Kanzo Uchimura，“The Complete Works of Kanzo Uchimura"， vol. 15， (Tokyo: 1wanami Shoten， 
1933)， p.120. (How 1 Became a Christian) 
17) 1bid.， p.123. 
18) 1bid.， p.138.“Rock of Ages" means Christ. 
“Rock of Ages cleft for me let me hide myself in The..." was one of Uchimura's beloved hymns， 
and he often sang it with the several hundred memders of his Bible Research Association in 
the auditorium of the Japan Sanitary Building in the cent巴rof Tokyo. On one occasion， he 
told us about the reason why Augustus Montague Toplady had written this song. 
19) 1bid.， 138-139. 
20) Kanzo Uchimura， ，‘Essays of Kanzo Uchimura"， vol. 21. (Tokyo: 1wanami Shoten， 1955)， p.139. 
21) 1bid.， p.606. 
22) 1bid.， vol. 2， pp. 249-255. 
23) 1bid.， pp. 293-297. 
24) 1bid.， pp. 389-397. 
25) Matthew 6: 26. 
26) 1bid.， 6: 28. 
27) Kanzo Uchimura， ，‘The Complele Works of Kanzo Uchimura"， vol. 15， (Tokyo: 1wanami Sho-
ten， 1933)， p.368. (Alone with God and Me) 
28) Sojiro Saito， "Mr. Kanzo Uchimura on One Dayヘ(Tokyo:Kyobunkan， 1964)， pp. 71-72. 
29) 1bid.， p.76. 
30) 1bid.， p.76. 
31) Kanzo Uchimura， ，‘Essays of Kanzo Uchimuraヘvol.21， (Tokyo: 1wanami Shoten， 1955)， p.339. 
32) 1bid.， vol. 10， pp. 228-264. 
33) 1bid.， vol. 7， p.286. 
34) 1bid.， pp. 296-298. 
35) Kanzo Uchimura， ，‘rhe Complete Works of Kanzo Uchimura"， vol. 15 (Tokyo: 1wanami Shoten， 
1933)， p.448. 
36) 1bid. p. 466. 
37 1bid.， p.398. 
38) 1bid. p. 486. 
39) Taijiro Yamamoto， ，‘Kanzo Uchimura， Autobiographical Letters to Bellぺ(Tokyo:Shinkyo Shup噌
pansha， 1949)， p.436. 
40) 1bim.， p.437. 
41) 1bid.， p.438. 
42) 1bid.， p.438. 
43) Kanzo Uchimura， ，‘Essays of Kanzo Uchimura"， vol. 20， (Tokyo: 1wanami Shoten， 1955)， p.155. 
44) 1bid.， vol. 21， pp. 146， 147. 
45) (1) 1bid.， p 15. 
(2) 1bid.， p.23 
46) (1) 1bid.， p.240. 
(2) 1bid.， p.535 
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47) Kanzo Uchimura，“The Complete Works of Kanzo Uchimura"， vol. 15， (Tokyo: Iwanami Sho-
ten， 1933)， p.454 
48) Ibid.， pp. 526-528. 
49) Kanzo Uchimura， ，‘Essays of Kanzo Uchimura"， vol. 21， (Tokyo: Iwanami Shoten， 1955)， p. 221. 
50) Ibid.， p.82. 
51) Toshiro Suzuki， "Recollection of Kanzo Uchimura"， (Tokyo: Iwanami Shoten， 1962)， p.351. 
52) Kanzo Uchimura， ，‘The Complete Works of Kanzo Uchimura"， vol. 15， (Tokyo: Iwanami Sho・
ten， 1933)， p.392. 
53) Kanzo Uchimura，“Essays of Kanzo Uchimura"， vol. 10， (Tokyo: Iwanami Shoten， 1954)， 
pp. 165-173. 
54) Ibid.， pp. 173-176. 
55) Ibid.， vol. 19， pp. 440-445_ 
56) Ibid.， pp. 466-469. 
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On the Subjectivity 




Nietzsche says，“God is dead. It is you and 1 who have killed Him". So long as we remain 
in the self司consciousness，we are surely to kil Him by the sword of our intelligence (vikalpajnana)， 
which has invented al kinds of instruments to elevate the standard of living and has developed 
mor巴 sciencesand mechanical civilization. 
2 
The self-consciousness has the subject-object structure， from which our intelligence is generally 
derived. So the self-consciousness regards my岨self(ego) as the absolute One. 
3 
Our intelligence is analytic and discriminative. So the intelligence is for us as if it were the 
measure of al things. The prajna is， on the contrary， the non-analytic-analysis and th巴 non-discrimi-
native-discrimination. The former discriminates al things have self-n且ture(svabhava); the latter do巴s
not， because al things are under the truth of Pratltyasamutpada (mutual dependence). Nagarjuna， 
Buddhist philosopher of India， therefore， says that everything is of the non-identity-and-non-di狂erenti-
ation (anekartha-ananartha) in his Mulamadhyamakas互stra. When we look upon al things through 
our praj凸a，they are as follows: 
goodニ badand， yet， good* bad 
1=2 and; yet， 1*2 
or man=God and， yet， man乎God
Our discriminative intelligence explains that“good" is“good" and “bad" is“bad";“good" can never 
be “bad" or vice versa. 
4 
One who regards our intelligence as the absolute relies on the self-centred-mind; he says，“I 
depend on my帽self，not God". But， the man who is led by our prajna relies on the selfless-Self; 
he says，“With a man who is master of himself wherever he may be found he behaves truly to 
himself (随処作主立所皆真)". These two types express strongly the subjectivity as the human beings. 
But， from my point of view， the self-centred-mind-man will fal into the “Selbstentfremdung"， because 
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the intelligence induces him to think that science is everything. The selfless-Self-man， on the contrary， 
will realize himself as the truly independent man (Buddha)， b巴causehe is himself and yet not 
himself. 
5 
Nietzsche insists that the “Wille zur Machtヘinsteadof God， should be regarded as the highest 
value. But， from my point of view， he does not deny our-self (ego) at all. As for me， selfless-Self 
should be established as the highest value through our prajna. Then， we may五ndourselves the 
truly independent man. 
1 
Nietzscheが有名な「神は死せり (Gottist tot)jという言葉をはじめて使ったのは， 1882 
年に書いた「悦ばしき知識 (Di巴frδhlicheWissenschaft)jの第3巻においてであった。すなわ
ち，その巻の 125番の文章の中で，物狂いの人 (Dertolle Mensh)が， Iおれたちが神を殺した
のだ お前たちとおれがだ! おれたちはみな神の殺害者なのだ!(Wir haben ihn getδtet-
ihr und ich! Wir alle sind seine Morder !り」と神を信じない人達の前で叫んでいるのが，それ
である。そうして，この物狂いの人は，神という「世界がいままで所有していた，最も聖なも
















Since Descartes， man has increasingly split thought from affect; thought alone 
is considered rational-affect， by its very nature， irrational; the person， !， has been 
(396) 
入閣の主体性について 397 
spilt 0妊 intoan intellect， which constitutes my self， and which is to control me 














































イギリスの詩人 WilliamBlake (1757-1827)の作品の中に， 予言書 PropheticBooksと称
せられる幾つかの詩があるが，それらの詩の中に， Urizenと名づけられる神が，出てきている。
Urizen は知性の神で，はじめの中は Princ'eof Lightと呼ばれていたのであるが， その中に感
情の神の Luvahに対抗す忍ために，あらゆる生命の圧迫者となり，遂には Urthona(Spirit)に
属している王位を纂脱して，自ら王となるのである。
Obey my voice， young Demon ; 1 am God from Eternity to Et巴rnity
Art thou a visionary of Jesus， the soft delusion of Eternity? 
Lo 1 am God， the terrible destroyer， & not the Saviour3). 
このようにのべる Urizenは，感情を非合理で、あるとして排し， 知性のみを合理的なものであ


























Nagarjuna (150 ?-250 ?)のいう不一不異 (anekartha剖 lanartha)の境地でもある。
Nagarjunaは「我」というものを， 自性 (Svabhava:self-nature)ありとする考え方 (an-
sich-sein)というように考えているようである。 彼の主著である「根本中論 (Mulamadhyama-


















(agacchaty anyato na-agnir indhane 'gnir na vidyaie) 
薪そのものは火ではない。薪から離れては火はなし刊
(indhanam punar agnir na na-agnir anyatra ca-indhanat) 








れる外に見られるようがなくなるわけである 3)。 関係聯関というのは， Nagarjunaの場合は，
不一不異ということであって，それは又，縁起 (pratityasamutpada;the interdependent causa-
tion)でもあり，或いは，
縁起なるもの われは空ととく 4)





































































Two Opposites， disposed in a similar Situation against each other， are contained 




God Appears & God is Light 
To those poor Souls who dwell in Night， 
But does a Human Form Display 
















We live as One Man; for contracting our infinite senses 
We behold multitude， or expanding， we behold as one， 
As One Man al the Universal Family， and that One Man 
We call Jesus the Christ， and he in us， and we in him 





































1) Nietzsche: Die Frohliche Wissenschaft， Alfred Kroner Verlag， p.140. 
2) ニー チェ全集，第八巻， p. 188，理想社.
3) Erich Fromm は次のようにのぺている。
Western man is in a state of schizoid inability to experience affect， hence he is anxious， 
depressed， and desperate. He stil pays lip service to the aims of happiness， individualism， in-
itiative-but actully he has no aim. Ask him what he is living for， what is the aim of al his 
strivings-and he will be embarrassed. Some may say they live for the family， others，“to have 
fun"， stil others， to make money， but in reality nobody knows what he is Iiving for; he has 




5) Zen Buddhism and Psychoanalysis， p.79. 
6) Man has followed rationalism to the point where rationalism has trarisformed itself into utter 
irrationality (ibid. p. 79). 
2 
1) 三木清・訳:省察， p. 39，岩波文庫.
2) ibid. p. 43. 





1) 中論第十章，観燃可燃品 (agni-indhana-parik特 namadasamam prakara早am)，第13偽.
2) ibid第 14侮.
3) 宇井伯寿: 仏教哲学の根本問題， p_ 122，大東出版社.
4) 中論第二十四章，観四諦品 (ãrya-satya・parik~ã nama caturvir色合atitamamprakarallam)第 18偽.
4 
1) 臨済録， p. 43， p. 53，岩波文庫.
2) 参考までに英訳もあげておとう。
“One who calls Nembutsu reaJizes the Direct way of No-Hindrance. What does this mean? 
That such a man of faith， revered by the deities of heaven and earth， cannot be obstructed 
by deviJs or heretics. Not onJy is he undisturbed by eviJs karmically motivated， but through 
Nembutsu surpasses every other goodness. Thus he reaJizes the Direct Way of No司Hindrance".
TANNISHO， p.14， Higashi-Honganji. 
3) Keynes: The CompJete Writings of WilIiam BJake， p.131 (Annotations to Swedenborg). The 
Nonesuch Press. 
4) ibid. p. 434 (Poems from the Pickering M.S.). 
5) ibid. pp. 664-665 (JerusaJem). 
5 
1) ニーチェ全集，第8巻， p. 189，理想社.
Es gab nie eine grosere Tat-und wer nur immer nach uns geboren wird， gehort um dieser 
Tat wiJJen in eine hohere Geschichte， aJs aJJe Geschichte bisher war! (Die FrohJiche Wissen-
schaft， p.141， AJfred Kroner VerJag). 
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De Praefatione Deprecaωria in 均Jstz"caTheologia 
Sancti Dionysii Areopagitae 
On the supplicatory preface in the Mystical Theology 
of St. Dionysius the Areopagite 
Satoshi Oide 
Abstract 
Famous Christian writers wrote commentaries on the五rstchapter of the Mystical Theology 
of St. Dionysius the Areopagite. But St. Thomas Aquinas has not written any commentary on it. 
1t seems strange to us， but it was unnecessary for St. Thomas Aquinas to write about it. For his 
interpretation of it is found in his E.ゆosition01 the Divine Names 01 St. Dionysius the Areoμgite 
The present writer wants to try to construct the Thomistic interpretation of the Mystical Theology 
of St. Dionysius the Areopagite. 
Praefatio 
Sicut in decursu philosophiae existentia Dei et alia hujusmodi de Deo intra-
verunt in philosophiam non per viam philosophiae sed per viam revelationis， ita et 
in vita nostra， secundum Dionysium， intrant per auctoritatem Scripturae. Ila 
possunt dici caligo， inquantum sine demonstratione manent ut credibilia. Qui 
possunt pati di伍cultatemdemonstrationis， ili possunt demonstrare talia credibilia 
lumine rationis naturali， id est， mutare hanc caliginem in claritatem. Sed iterum 
ante oculos suos inveniunt secundam calなinem;quae白 tobjecta五deipropria， 
sicut mysterium Trinitatis， Incamationis etc. Naturalis enim cognitio nostra non 
potest ingredi in objecta五deipropria ultra objecta五deiphilosophiaeque communia. 
Hic demonstratio rationis naturalis locum suum debet cedere demonstrationi virtutis 
a Spiritu motae Apostolorum et prophetarum. Adjuvante Dei gratia， debemus sine 
demonstratione rationis naturalis accipere et cognoscere secundum revelationem 
objecta fidei propria. Sed hic apparet tertia caligo; quia lumen srcrae Scripturae 
non potest se extendere ad omnia， quae Deus cognoscit de seipso et angeli aut 
beati essentiam Ejus videntes cognoscunt de Eo. Pons， per quem ingreditur con“ 
templator in tertiam caliginem， est negatio omnium sensibilium et intellectibilium. 
Per hanc ignorantiam perfectam potest contemplator， adjuvante gratia， attingere 
talem altissimum statum， ut a se ipso et omnibus creaturis avocetur et per amorem 
exstaticum， qui amantem in amatum transfert， totus in Deum absorbeatur; ubi 
omnis ejus natura defatigata cessabit. 
[ 1 ] 
Initium Mysticae Theologiae S. Dionysii est oratio et invocatio ad sanctis司
simam Trinitatem. Haec oratio et invocatio est et epitome totius libeli Mysticae 
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Theologiae.】 Totamigitur sententiam hujus' oratioriis et invocationis:c hic praemitti 
nobis utile sit， ut hunc tractatu:rn. promovea;rnus quasi 'prospectantes quod in ilo 
libello continetur. 
<<Trinitas， supernaturalis et superdivina et superbona gubernatrix theosophiae 
Christianorum， dirige nos ad. mysticorum verborum superincogitum et superlucentem 
et summum verticem， ubi simplicia et absoluta et immutabilia theologiae mysteria 
aperiuntur secundum superlucentem arcana docentis silentii caliginem， in maxima 
obscuritate id， quod est superclarissimull; supersplendere facientem， et in omni-
moda intangibilitate atque invisibilitate superpulchris splendoribus superadimplentem 
mentes oculis captas))l). 
Hic oritur dubitatio: estne haec oratio nobis necessaria， ut Deum attingamus 
per viam Dionysii? Nam via negationis， quae adhibetur in Mystica Theologia， 
videtur esse via negationis in theologia naturali Philosophiae Scholasticae， non secus 
ac via a伍rmationis，quae invenitur in libro De. Diyinis Nominibus， videtllr esse via 
a伍rmationisin eadem; in theologia autem naturali potest existentia naturaque Dei 
certo cognosci solo naturali rationis lumine ex rerum mundanarum consideratione， 
sicut <<sancta mater Ecclesia tenet et docet， Deum， rerum omnium principium et 
五nem，naturali humanae rationis lumine e rebus creatis certo cognosci posse)) (Denz. 
1785); videtur igitur quod ila oratio non sit necessaria nobis， ut Deum attingamus 
per viam Dionysii. Hujus dubitationis solutio refertur ad principium totius specu唱
lationis mediaevalis: fides qωerens intellectum. 
Unicum Deum， qui est Creator omnium， esse est veritas philosophica， quae 
attingi potest solo naturali humanae rationis lumine. Sed haec veritas ingredie-
batur in philosophiam non per viam philosophiae. Historia philosophiae nos docet 
quod etiam excellentissimi philosophorum in veteri Graeca non attingebant hanc 
ventatem. 
Explicatio ortus mundi in libro Timaeo， etiamsi demiurgos sit optima cau-
sarumぺnonpotuit excludere pluralitatem divinitatis et praeexistentiam materiae. 
Secundum exemplar procreavit demiurgos hunc mundum. Exemplar quidem est 
animal aeternum3)， pulcherrimum et ex omni parte perfectum4); est Idea， in qua 
nihil gignitur. 日icvero mundus est imago ilius exemplaris; cum sit imago ilius， 
aeternitatem ilius prorsus accipere non poterat5); quam ob rem debebat secum 
habere tempus， quod est aeternitatis quaedam imago mobilis'); nihilominus est 
perpetuus; procreatus enim est in se su伍ciens71， quam maxime perfectus ex perfectis 
partibus8) et senio morboque carens9); quare dicitur beatus deus叩) Insuper hic 
mundus， ut aeterno animali similis factus sit， debebat habere caeleste deorum genus， 
pennigerum aerumque . genus， aquaticum genus et pedestre terrestreque genusll). 
Propterea demiurgos fabricatus est sidera， quae dicuntur inerrantia， etalia， quae 
dicuntur errantia; sed ipse non fabricatus est alia genera， quia ab ipso procr四 ta
dis aequalia五ene2); ipse igitur mandavit diis recentioribus， ut alia animalium 
genera con五cerent川 Sicprimum deum， qui est demiurgos， sequitur beatus deus， 
qui est mundus， et hunc sequitur caeleste deorum genus. Praeter hos deos nu-
merantur nomina deorum， quae sunt tradita: Oceanus， Tethys etc刈. Hic non 
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intendo plene explicare; quomodo demiurgos fabricatus sit hunc mundum. Nobis 
enim non requiritur nisi quod certe cognoscamus Timaeum non potuisse excludere 
pluralitatem divinitatis et praeexistentiam materiae. Cum de pluralitate divinitatis 
jam sufficiat， nunc agendum est de praeexistentia materiae‘ Ex igne et aqua et 
aere et terra composuit demiurgos hunc mundum日);in quo posuit caeleste deorum 
genus paene ex igne confectum川 Posteadi recentiores， ad alia animalium genera 
conficienda mandati， iabricati sunt ea ex i1lis quattuor" elementis， quae a mui:ldo 
mutuabantur'7). Porro a quo venerunt haec quattuor elementa? A nuti:ice genera-
tionis同 Antegenerationem mundi erat generatio honim quattuor elementorum19). 
Haec generavit demiurgos dans formas numerosque ili nutrici， quae horum ele-
mentorum quaedam vestigia habens erat in chao制 Sednon dicitur， a quo veniat 
ila nutrix. 
Similiter se habet et philosophia Aristotelis. Hoc facile videbit quicumque 
perlegit librum XII Mefaphysicae ejus. Quia omne ens， quod movetur， movetur ab 
alio， quia insuper series motorum qui moventur non potest procedere in infinitum， 
ideo ponendus est primus motor immobilis刈;cui sequentia attributa sunt ponenda : 
ile est aeternus， est substantia a sensibilibus separata， nullam magnitudinem p旺ー
temque habens est indivisibilis， impassibilis et immutabilis22). Nonne hic modus 
probandi existentiam primi motoris immutabilis est exemplar primae ex ilis quinque 
vis23) probationis existentiae Dei， quae videntur in Summa Theologiae S. Thomae? 
Sine dubio ita est." Sed aliud est quod hic modus Aristotelis acceptus est in 
philosophiam Christianam， aliud quod ipse Aristoteles jam attigit conceptionem unici 
Dei Christiani. Idem liber Metaphysicae ostendit eum non potuisse excludere 
polytheismum. Videmus enim aeternum circularemque motum caeli siderum iner-
rantium et praeterea aetemos circularesque motus caelorum siderum errantium24) ; 
sicut illud movetur a primo aeternoque motore immobili qui est primum principium 
omnium entium， ita horum unumquidque debet moveri ab aeterno motore immobili 
sibi proprio25); tales motores， quia totidem esse debent， quot sunt caela siderum 
errantium， debent esse quinquaginta quinque26). Insuper ab eodem libro Metaphy-
sicae videtur quod philosophia Aristotelis omnino abest a notione creationis Chris-
tianae. In Aristotele enim motus est aeternus27); prius autem et posterius， quae 
inveniuntur in motu， non possunt esse sine tempore; tempus igitur est aeternum28). 
Non vidimus nisi duos testes. Sed ili sunt excellentissimi philosophorum in 
veteri Graeca. Hoc factum， quod non potuerunt attingere notionem Dei Christiani 
et notionem creationis Christianae， suggerit nobis necessitatem revelationis respectu 
ordinis naturalis. Debet homo salvari; propterea objecta propria五dei，quae com・
prehensionem rationis excedunt， debent homini communicari per divinam revela-
tionem; haec objecta propria五deipraemittunt (ea， quae de Deo ratione humana 
investigari possunt)Y9)， quae dicuntur ((praeambula ad 訂 ticulos[五dei]'O)));quid 
autem eveniret， sieorum investigatio commendaretur soli rationi humanae? S. 
Thomas respondet: a paucis et per longum tempus et cum admixtione multorum 
errorum homini provenirent叫;ab eorum tamen cognitione dependet tota hominis 
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salus32); (ut igitur citius homo ad veritatis divinae cognitionem perveniat..…， ut 
cognitio Dei sit communior.…・， ut esset indubitata et certa cognitio apud homines 
de Deo)ペnecessariumfuit et ea homini communicari per revelationem. Sic 
existentia Dei et alia hujusmodi de Deo， etsi sint veritates philosophicae， intraverunt 
in philosophiam non per viam philosophiae sed per viam revelationis. Quod quidem 
tales veritates possunt demonstrari per rationem， hoc non impedit， quin possint 
accipi ut credibilia， quiri insuper possint ut credibilia manere in eis， qui non pos-
sunt pati di伍cultatemdemonstrationis. Re vera istae veritates sunt acceptae ut 
credibilia: ((Dixit Deus ad Moysen: Ego sum qui sum.)) (Ex. II1， 14) ((Audi， 
1srael: Dominus Deus noster， Dominus unus est.) (Deut. V1， 4)((Ego enim Domi-
nus， etnon mutuor)) (Mal. II1， 6)(1n principio creavit Deus caelum et terram.)) 
(Gen. 1， 1)etc. 1bi enim numquam invenitur etiam umbra demonstrationis. Hae 
verItates igitur， sividentur sub lumine rationis naturali， inquantum sunt credibilia， 
id est， antequam demonstrantur， possunt dici caligo. Haec caligo ex natura quaerit 
lumen ut mutetur in claritatem， a.v. veritas creadita nititur se mutare in veritatem 
intellectam .・・hocnon est aliud quam illud principium :斤'desquaerens intellectum. 
Et五tut veritas intellecta locum teneret inter五demet visionem beati五camin 
futuro， ut dicit S. Anselmus: ((inter五demet speciem intellectum， quem in hac vita 
capimus， esse medium intelligo))叫.
Potestne autem ratio ad talem locum attingere sola virtute sua? Cujus quaes-
tionis loco possunt sequentes poni. Cur auctor libri‘Proslogion'， qui antea nomi-
nabatur‘Fides Quaerens 1ntellectum刷， scripsit: ((Gratias tibi， bone Domine， gratias 
tibi; quia quod prius credidi， te donante， jam sic intelligo， teilluminante; ut si 
te esse nolim credere， non possim non intelligere))制?Quicumque enim legit caput 
I， 1II et 1V libri‘Proslogion'， videt quod in eis existentia Dei non persuadetur 
auctoritate Scripturae sed cogitur necessitate rationis ut legitur in praefatione libri 
官10nologion'37);nihilominus in五necapitis 1V videt ila verba: (仇telligo，te il・
luminante)); facitne S. Anselmus contradictionem， quod rationalitatem五deisolo 
lumine rationis naturali scrutari nitens petit lumen Dei supernaturale? Hic atten-
denda sunt haec S. Thomae verba: ((cum con五dentiadivini auxilii)); quae inve-
niuntur in prologo Summae Theologiae. Puto haec verba dicere quod Summa ejus 
sit cooperatio luminis rationis naturalis ejus et gratiae Dei; Sed debemusne aestimare 
divinum auxilium nullam habere potuisse virtutem super ((Deum esse， etalia hujus-
modi quae per rationem naturalem nota possunt esse de Deo))叫?Responsum est 
clarum. Numquam erravit S. Anselmus et divinum auxilium patet et ild ea， quae 
per rationem naturalem cognosci possunt; sicut quidem revelatio respectu ordinis 
naturalis nobis fuit moraliter39) necessaria， ita et ad eam intelligendam divinum 
auxilium nobis est moraliter necessarium. 1ntellectus enim noster ita debilis est， 
ut， sigratia Dei non praebet ei auxilium， investigationi ejus， quae versatur circa 
divina， admisceantur multae falsitates'O); ut insuper， carente divino auxilio， frusas 
opiniones eorum， qui dicuntur sapientes， audiens dubitet ea， quae ipse verissime 
dernonstravit. 
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Quibusdam vero fortasse displicebit hoc， quod in regione philosophiae， quae 
versatur circa divina， rationi humanae moraliter necessarium est divinum auxilium; 
qui enim putant hoc nocere nobilitati rationis humanae. Nocetne autem nobilitati 
rationis hoc， quod christiane utimur ratione? Non; sicut numquam nocet nobilitati 
rationis， quod mathematice utimur ratione. Numquam igitur nocebit nobilitati 
rationis， quod， ut magis christiane utamur ratione， debemus petere divinum auxi醐
lium; e contra divinum auxilium dabit operam， ut nobilitatem rationis notsrae magis 
elevet et perficiat， sicut dicit S. Thomas: ((lumen naturale intellectus confortatur pet 
infusionem luminis gratuiti))叫.
Etiamsi igitur via negationis， quae adhibetur in libro De Mystica Theologia， 
non sit nisi via negationis in theologia naturali， ila oratio， quae petit divinU1I1 
auxilium， est nobis necessaria. Petitne attamen Dionysius in ila oratione divinum 
auxi1um ad hoc tantum， quod intelligat objecta theologiae philosophiaeque com・
munia， quae accepta sunt ut credibilia? Non. Habet enim altiorem finem ingre-
diendi in superlucentem caliginem叫 Nuncigitur clarificemus sensum ilius orationis 
quaerendo de ingressione in superlucentum caliginem. 
[ll] 
Mystica Theologia S. Dionysii est ingressio in superlucentem caliginem. Hoc 
exprimitur in praefatione deprecatoria supra citata et in sequentibus: ((Nos in hac 
superlucente caligine fieri exoptamus))叫;((bona omnium causa absque operimentis 
ac vere manifestatur solis is， qui...... in caliginem ingrediuntur， ubi vere est，. 
qui est supra omnia))叫 Huictamen videtur opponi caliginis definitio in Epistola 
V scripta: (<Divina caligo est inaccessibilis lux， in qua habitare Deus dicitur))削.
Nam i1lae quidem citationes dicunt accessibilitatem， haec autem dicit inaccessi-
bilitatem. Haec oppositio videtur et in eadem Epistola: ((Etiamsi [divina caligo] 
sit invisibilis propter supereminentem claritatem et inaccessibilis propter superexcel-
lentiam e妊usionisluminis supersubstantialis， in ila tamen五t，quisquis Deum nosse 
ac videre meruit))品) Clavis explicationis congruae hujus oppositionis est duplicitas 
sensus comprehensionis in Summa Theologiae S. Thomae. Uno modo comprehensio 
stricte et proprie dicitur， secundum quod aliquid includitur in comprehendente; hoc 
in sensu omne， quod comprehenditur a finito， debet esse五nitum;Deus autem est 
infinitus; hoc modo igitur Deus numquam potest comprehendi ab aliquo intellectu 
creato， a.v. nullus intellectus creatus potest infinite c叩 ereDeum， inquantum 
infinitus est'7). Alio modo comprehensio largius sumitur， secundum quod opponitur 
insecutioni， id白 t，dicit tensionem alicujus rei quae praesentaliter adest， sicut ile， 
qui consequitur aliquem， quando jam tenet eum， dicitur eum comprehendere; hoc 
in sensu Deus dicitur comprehendi a beatis， secundum illud Scripturae: ((tenui 
eum， nec dimittam))叫 (Cant.II，4). Nunc， siquidem inaccessibilitas ad divinam 
caliginem sumitur in sensu incomprehensibilitatis stricte proprieque dictae， siautem 
accessibilitas ad eamdem sumitur in sensu comprehensibilitatis largius dictae， op司
positio supra dicta congrue explicabitur. 
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Primo agamus de inaccessibilitate ad divinam caliginem. S. Dionysius dicit 
quod ((Divina caligo est inaccessibilis lux; in qua habitare Deus dicitur))岨)， proponens 
oculis suis illud 1 ad Timoth. VI， 16: ((Qui lucem inhabitat inaccessibilem， quem 
nullus hominum vidit， sed nec videre potest)). Hic si visio intelligitur ut com-
prehensio stricte proprieque dicta， ipsum quod Deus est， quod nemo comprehendere 
potest， idest， essentia Dei potest dici divina caligo. Nam Deus， propter nimiam 
cognoscibilitatem suam， hebetat et obscurat aciem mentis， non secus ac sol， propter 
nimium splendorem suum， pupillis nostris visum aufert et oculis vespertilionis est 
quasi caligdO). Ad hoc melius intelligendum， iterum debemus incipere a relatione 
inter cognoscibilitatem et perfectionem cognitionis， quia cognitio， quando est perfecta， 
dicitur comprehensio. Secundum S. Thomam， aliquid perfecte cognoscitur， quando 
illud tantum cognoscitur， quantum est cognoscibile叫 Adhujus evidentiam， utamur 
metaphora. Hic est dolium vini. Ex hoc si calix vini potatur， non dicitur quod 
dolium vini tantum potatur， quantum est potabile. Insuper etiamsi magna ilius 
pars ita potetur， ut remaneat calix vini tantum， non dicitur quod dolium vini 
tantum potatur， quantum est potabile. Sed quando illud perfecte vacuum fit sine 
ulla vini gutta， tunc dicitur quod dolium vini tantum potatur， quantum est potabile. 
Ut autem dolium vini perfecte potetur， debet esse proportio inter illud et vim 
potandi. Unde si illud excedit vim potandi， inebriat potantem et aufert ei vim 
potandi. Similiter， quando propositio demonstrabilis scitur per demonstrationem， 
tunc dicitur quod tantum cognoscitur， quantum est cognoscibilis; quando autem 
tenetur per aliquam rationem probabilem， non dicitur idem52). Ilud quidem non 
evenit nisi proportio est inter cognoscibilitatem propositionis et virtutem cognitivam 
cognoscentis， hoc autem necessario evenit， quando non invenitur ila proportio. 
Porro， quanto magis unumquodque est in actu， tanto quoque magis est cognosci司
bile53). Deus igitur， cum sit id quod infinite est in actu， est infinite cognoscibilis. 
Nulla autem proportio invenitur inter in五nitamcognoscibilitatem Dei et finitam 
virtutem cognitivam intellectus creati. Nullus igitur intellectus creatus potest com-
prehendere ipsum quod Deus est， sicut dicit S. Dionysius: ((neque quae sunt eam 
(causam omnium) cognoscunt quatenus est)54). 
Qui igitur potest comprehendere essentiam Dei， debet esse ile， cujus virtus 
cognitiva est proportionata cognoscibilitati Dei. Ile autem non potest esse alius 
quam Deus. Comprehendere igitur ipsum quod Deus est， competit soli Deo同， id 
est， Filio et Spiritui sancto同 Talissupersubstantialis Dei scientia de ipsa essentia 
sua cuicumque numquam communicatur ex divina revelatione57)， sicut dicit S. 
Dionysius: ((ipsius (Deitatis)， quidquid est， scientia et contemplatio， omnibus existen-
tibus est inaccessibilis， sicut ab omnibus supersubstantialiter remo阻》悶) Nam， ut 
reveletur ila， debet esse proportio inter illam et intellectus creatos， quibus ila 
communicatur a Deo; quae autem proportio non potest esse， quia infinita distantia， 
quae est inter in五nitamDei cognoscibilitatem et finitam virtutem cognitivam intel-
lectus creati， non potest auferri， etiamsi virtus cognitiva intellectus creati， quan-
tumcumque potest， confortetur a lumine gratuito. Deus autem incomprehensibilis 
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dicitur non propter quod Deus reservat aliquid quod numquam cognoscitur a nobis ; 
sed quia non tantum perfecte cognoscitur， quantum est cognoscibilis59). Similiter， 
quod supersubstantialis Dei scientia de ipsa essentia sua cuicumque numquam com-
municatur， non si伊li:ficatquod nulla Dei cognitio ullo modo possunt communicari 
intellectui creato， sed quod Dei cognitio non potest tantum perfecte communicari 
intellectui creato， quantum Ipse seipsum cognoscit叫 Hocrationi bonitatis aperit 
viam. Secundum S. Dionysium， ((Non incommunicabile est id， quod universaliter 
bonum， uli existentium))叫 Deusautem est ipsum bonum. Rationi igitur bonitatis 
Ejus contrarium esset quod cognitionem suam nullo modo communicaret intellectui 
creato. Quare Deus alio modo benigne communicat cognitionem suam intellectui 
creato， quam Ipse seipsum cognoscit， sicut dicit S. Thomas in Expositione in 
Librum de Divinis Nominibus B. Dionysii: ((Dei bonitatis ratio hoc habet ut， 
reservato sibi quodam cognitionis modo qui sibi est singularis， communicet inferi-
oribus ex sua gratia， aliquem modum cognitionis， secundum suas illuminationes， 
quae sunt secundum proportionem uniuscujusque))叫 Differentiaautem inter id 
quod non communicatur et id quod communicatur， non est differentia cognitorum， 
sed ea modorum. cognitionis de eodem cognito. Quare potest dici quod possumus 
accedere per communicata ad id quod numquam communicatur. 
Secundo igitur agamus de accessibilitate ad divinam caliginem. Magni momenti 
est quod descriptio ascensionis Moysis ad montem Sinai sumitur ut al1egoria 
Mysticae Theologiae Dionysii. (1) Quod ipse sanctus Moyses primum mundari 
jubetur， ac deinde ab his， qui nondum mundantur， separari日)， hoc est allegoria viae 
Jうurgativae. (2) Quod post omnem purgationem audit multisonas tubas， et videt 
multa lumina puros ac multiplices radios jacentia叫， hoc est allegoria viae illumina“ 
tivae. (3) Quod deinde a multitudine separatur， et cum electis sacerdotibus ad 
montem Sinai ascendit， solusque caliginem ingreditur叫， hoc est allegoria viae 
unitivae. De his tribus viis agamus secundum ordinem. 
Sicut in decursu philosophiae existentia Dei et alia hujusmodi de Deo intra-
verunt in philosophiam non per viam philosophiae sed per viam revelationis， ita et 
in vita nostra， secundum S. Dionysium， intrant per auctoritatem Scripturae， sicut 
dicit S. Thomas in Expositione in Librum B. Dionysii De Divinis Nominibus: 
((quod per divina nomina Deus cognoscatur ut Principium et Causa， non ex nobis 
ipsis dicimus， sed a divinis eloquiis accipiendo commemoramus))66). Ila autem pos-
sunt dici caligo， inquantum sine demonstratione manent ut credibilia. Qui igitur 
capiunt per auctoritatem Scripturae existentiam Dei et alia hujusmodi de Deo， ili 
possunt dici ingredi in caliginem. Haec caligo vult mutari in claritatem. Qui 
possunt pati di伍cultatemdemonstrationis， ili possunt demonstrare talia credibilia 
lumine rationis naturali， id est， mutare hanc caliginem in claritatem. Sed iterum 
ante oculos suos inveniunt aliam caliginem; quae secunda caligo sunt ((illucentes 
nobis in sanctis eloquiis splendores))6九idest， objecta五deipropria， sicut mysterium 
Trinitatis， lncarnationis etc. Naturalis enim cognitio nostra non potest ingredi in 
objeeta :fidei propria ultra objecta制eiphilosophiaeque communia. Nam， quamdiu 
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in hac vita sumus， non possumus aliquid intelligere， nisi convertimus intellectum 
nostrum ad phantasmata， quae e伍ciuntura sensu'8) ; unde naturalis cognitio nostra 
non potest procedere ultra terminum， ad quem phantasmata possunt ducere intel-
lectum nostrum; hoc non significat quod non possumus cognoscere incorporea， quia 
habent nullum phantasma， sed quod non possumus cognoscere incorporea， nisi 
phantasmata corporeorum habent relationem ad ea; non possumus igitur cognoscere 
Deum lumine rationis naturali ultra quod est causa， a qua dependent effectus， qui 
sunt creaturae， id est， ultra quod est principium diffusionis cujuscumque bonitatis 
seu perfectionis69). 
Qui autem cognoscit limitem rationis et sedat suas rationis operationes， ne 
ferantur ultra regionem rationi datam， ile est verus rationalista. Hic igitur de-
monstratio rationis naturalis locum suum debet cedere ((demonstrationi virtutis 
a Spiritu motae theologorum (id est， Apostolorum et Prophetarum)70))). ((Sacra 
Scriptura)) enim ((habet virtutem secundum quod Apostoli et Prophetae moti sunt 
ad loquendum a spiritu sancto eis revelante et in eis loquente))71); unde objecta 
fidei propria， quae innituntur auctoritate sacrae Scripturae， habent dignitatem et 
certitudinem qualibet evidentia majorem， quibus debent accipi sine demonstratione 
rationis naturalis. Sed aliquis， cum cognoscat existentiam Dei， haesitat ante objecta 
五deipropria. Immundities enim cordis， idest， a旺ectioad creaturam turbida， a qua 
removeri jubet doctrina christiana， abscondit illam dignitatem et certitudinem， se 
defendens dicendo quod objecta五deipropria non possunt accipi， quia non possunt 
demonstrari lumine rationis naturali. Sicut ultima impeditio in conversione S. 
Augustini erat defectus moralis， ita ultima impeditio in accipiendo objecta五dei
propria est a妊ectioad creaturam turbida. Gratia Dei jubet abs tali a旺ectione
sejungi et secedere. Qui huic jussioni oboedit， ili tantum aditus ad secundam 
divinam caliginem patet. Qui sic intravit secundam caliginem， debet continuare se 
purgare incumbendo orationi et mortificationi， ut ad altiorem vitae interioris gradum 
tendat. Circa hoc S. Dionysius ponit quinque :-Primo， voluntas debet revocari ad 
bonum immutabile， a quo aversa est propter bonum mutabile; si petitur gratia ut 
hoc fiat， dat eam Deus， quia Divinitas est ((dilapsorum ab Ipsa revocatio et resur-
rectio)72). -Secundo， voluntas debet deserere bonum mutabile， propter quod a Deo 
aversa est; si petitur gratia ut hoc五at，dat eam Deus， qui est ((renovatio et 
reformatio))73) eorum， qui corruperunt divinam in semetipsis imaginem. -Terlio， 
quia voluntas， quae incepit secedere a bono mutabili， quasi stans inter bonum 
mutabile et bonum immutabile， nutat nunc huc nunc illuc， ideo indiget ut collocetur 
in uno sancto loco， quod est bonum immutabile; ad hoc manum auxilii porrigit 
Deus， qui est ((eorum， qui secundum quamdam nutationem immundam moventur， 
collocatio sancta))74). -Quarto， quia voluntas in bono immutabili collocata tentatur 
ut ab eo avertatur， ideo indiget ut in eo岳rmetur，ne tentatione vincatur; ad hoc 
auxilium dat Deus， qui est ((stantium firmatio))75). -Quinto， homo debet semper 
ad altiorem vitae interioris gradum pro五cere; unde Deus， qui est ((suscitativa 
manuductio))削 eorumqui sursum proficiunt， volentibus proficere non solum auxilium 
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praestat， sed etiam ad proficiendum eos excitat. Hanc viam purgativam sequitur 
via illuminativa. 
De transitu ad viam illuminativam dicit S. Dionysius: ((post omnem nostram 
rerum deiformium intelligentiam， sedantes nostras intellectuales operationes， ad 
supersubstantialem radium， scundum quod nobis fas est， nos immittimus))77). Sedatio 
operationum rationis nostrae， quae， quando incipimus secundam caliginem ingredi， 
nobis necessariae sunt， ila est nobis necessaria per totam viam illuminativam; 
insuper debemus sedare operationes intellectus nostri， ne audeamus neque ((dicere 
neque cogitare aliquid de supersubstantiali et occulta Deitate， praeter ea quae 
divinitus nobis ex sanctis eloquiis sunt indicata))78). De eo enim quod ab aliquo 
solo scitur， non possunt ali neque cogitare neque dicere aliquid praeter ea， quae 
ab ilo sunt indicata79); comprehendere autem ipsum quod Deus est， competit soli 
Deo， ut supra dictum est; nullus igitur intellectus creatus potest neque cogitare 
neque dicere aliquid aliud quam ea， quae a Deo sunt revelatae. Hic apparet tertia 
caligo. Quia enim lumen sacrae Scripturae non potest se extendere ad omnia， 
quae Deus cognoscit de seipso et angeli aut beati essentiam Ejus videntes80) cog-
noscunt de Eo， debent esse ea， quae ut caligo segregantur a divinis， quae cog司
noscuntur lumine sacrae Scripturae叫 Haecsegregatio venit a distributiva justitia 
a Deo constituta叫 Deusenim est ((gubernator theosophiae Christianorum))83); ut 
autem gubernatio bene agatur， non solum requiritur quod ile qui gubernat conveniat 
aliquo modo his qui gubernantur， ut ile possit esse his utilis， sed etiam quod ile 
superexcedat hos， ne umquam possit contemni quando imperat et gubernat84); 
Deus igitur ita unicuique intellectuum creatorum dat lumen supernaturale secundum 
ejus conditionem， ut hic possimus lumine gratuito cognoscere veritates revelatas 
tantum， ilic angeli et beati essentiam Ejus videant. 
Unde ile， qui viam illuminativam ambulat， semper secundum hunc distributivae 
justitiae a Deo constitutae ordinem debet procedere. Circa hoc S. Dionysius ponit 
tres附: -Primo， sanctae mentes debent se in lumen sacrae Scripturae ingerere 
cum tali sancta reverentia animi， quod non se ultra suum limitem extendunt， scilicet 
ex superbia non antecedunt ea， quae sunt ilis revelata secundum illarum condi-
tionem. -Secundo， sanctae mentes debent (五rmeet indeclinabiliter ad radium)) 
sibi ((superlucentum se extendere))刷 cumtali castitate animi， quod ex quadam 
pusillanimitate， qua pejoribus inhaerentes in majoribus haesitant， non decidunt 
a veritate sibi desuper secundum suam conditionem revelata. -Tertio， sanctae 
mentes debent， ducente lumine gratuito， altius volare alis spiritualibus， scilicet altius 
se elevare contemplationibus intellectualibus cum tali sanctitate a妊ectusamoris， 
quod divinis， quae secundum earum conditionem eis sunt revelata， firmiter inhaerent. 
Cum tali sancta reverentia， castitate et sanctitate ad veritates in sanc阻 Scriptura
nobis revelatas procedamus， rogantes Deum， ut nobis immittat lumen gratuitum ad 
ilas veritates cognoscendas; et primo ita五t，ut a lumine gratuito illuminati cog-
noscamus divina nomina， quibus Deus laudatur; secundo， ut a lumine gratuito 
supernaturaliter illuminati ducamur per cognitionem divinorum nominum ad sanctas 
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enuntiationes divinarum laudum， quae in sacra Scriptura per divina nomina traduntur ; 
tertio， ut eodem modo illuminati informemur per hujusmodi laudes ad hoc， quod 
cognoscamus ilas veritates， etad hoc， quod laudemus principium illarum veritatum刊.
Sicut videtur ex eo quod supra dictum est， contemplatio in hoc gradu est 
acquisita et activa. Quod enim nobis non licet antecedere ea， quae sunt nobis 
revelata secundum conditionem nostram， non impedit quin active petamus gratiam 
ad altius assurgendum et， cooperante gratia， ad contemplationes altiorum rerum 
divinarum nos intentius exerceamus. Unde non debemus putare praesentem nostrae 
contemplationis gradum esse nobis altissimum， sed debemus， cooperante gratia， 
semper altius assurgere， sicut dicit S. Dionysius ad Timotheum: ((intenta circa 
mysticas contemplationes exercitatione……， qua批umpotes，……assurgas))'べetsicut 
dicit Psalmista: ((Beatus vir cujus est auxilium abs te， ascensiones in corde suo 
disposuit， in valle lacrymarum， in loco quem posuit)) (Ps. LXXXIII， 6， 7).
Hanc in secunda divina caligine ascensionem， id est， viam illuminativam 
sequitur ingressio in tertiam caliginem， id est， via unitiva. Pons， per quem 
ingreditur contemplator in tertiam caliginem， est negatio omnium sensibilium叫 et
intellectibilium90); quae vere est altissima in hac vita acquisita activaque contem-
platio. Hic acquisitus activusque character nobis clare apparet in Mystica Theo-
logia S. Dionysii: ((intenta circa mysticas contemplationes exercitatione et sensus 
relinque， et intellectuales operationes， et omnia sensibilia et intelligibilia et omnia 
quae non sunt et quae sunt))ベ Perhanc negationem evehitur contemplator ad 
infusam passivamque contemplationem， id est， ducitur ad ingressionem in tertiam 
caliginem， sicut dicit S. Dionysius: ((per liberam et absolutam et puram abs te ipso 
et omnibus alienationem， ad supersubstantialem divinae caliginis radium， omnia 
配 movenset ab omnibus absolutus eveheris))92). 
Hujus i昭 ressionis prototypus 邸 tingressio Moysis in caliginem: ((Moysi 
quoque dixit: Ascende ad Dominum tu， etAaron， Nadab， etAbiu， etseptuaginta 
senes ex Israel. •••.• .Solusque Moyses ascendet ad Dominum， etili non appro-
pinquabunt. . . . . . . Ascenderunt・・・・・・etviderunt日)Deum Israel; et sub pedibus ejus 
quasi opus lapidis sapphirini， etquasi caelum， cum serenum est. . . . . . . Vocaviteum 
de medio caliginis. . . . . . Ingressusque Moyses medium nebulae， ascendit in mon・
tem))叫 Hancdescriptionem S. Dionysius sic allegorice explicat: -Primo， sicut 
Moyses， quando audit tonitria et clangorem buccinae， et videt fulgura， nubem 
densissimam， fumum et Deum sub quadam figura apparentem， tunc intelligit quod 
Deus ilic， ubi talia mira et non usitata fiunt， certe est praesens， ita contemplator， 
quando existentiam Dei et alia hujusmodi de Deo lumine rationis naturali cognoscit， 
et veritates in sacra Scriptura revelatas lumine gratuito cognoscit， etquaedam sancta 
et inusitata ut sunt ipsius apparitiones videt， tunc debet intelligere quod talia divina 
sunt quasi cognoscibilia sancta loca， supra quae existit incognoscibilis ipsa Dei 
essentia95). •• ••• .Secundo， sicut Moyses a multitudine et electis sacerdotibus separatur 
et solus in montem Sinai ascendit， ita contemplator debet ((ab is quae videntur))， 
id est， a divinis supra dictis， et<<ab is quae vident)>， idest， a mente sua <(absolvi)>吋
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一一一Tertio，sicut Moyses per caliginem ascendit in montem Sinai， ita contemplator 
debet per caliginem ignorantiae uniri Deo. Cujus de gradu S. Dionysius sic scribit ; 
(in hac caligine omnes scienti五casapprehensiones excludit， etin omnimode intactili 
et invisibili五t，totus existens ilius qui est ultra omnia， etnullius neque sui ipsius 
neque alterius， cum eo autem qui est penitus incognoscibilis， per cessationem omnis 
cognitionis， excellentiore modo unitus， eteo quod nihil cognoscit， supra mentem 
cognoscens))97l. Hac in citatione inveniuntur tria elementa contemplationis infusae， 
id est， cessatio omnis cognitionis， cessatio omnis operationis et unio cum Deo 
incognoscibilis. Quarum de unaquaque nunc dicendum est aliquantulum. 
Cessationem omnis cognitionis explicat S. Dionysius ex eo， quod nomina， quae 
dicuntur de Deo， sunt pauciora in Theologicis Hypotyposibus et in libro De Divinis 
Nominibus quam in Symbolica Theologia同 1 Ratio ilius， quod in Symbolica Theo-
logia plura inveniuntur divina nomina， est haec: voluit Deus veritatem facile ab 
omnibus hominibus cognosci; sensibilia autem facilius cognoscuntur a nobis quam 
intelligibilia; imaginativis igitur visionibus Deus saepenumero illuminavit eos， qui 
Agiographa conscripserunt; unde divina nomina， quae symbolice sumuntur a rebus 
sensibilibus， plura sunt quam ea， quae sumuntur ab intelligibilibus perfectionibus 
a Deo in creaturas procedentibus. Hinc dicitur quod， quo altius ascendimus 
a symbolica theologia ad a伍rmativamtheologiam et insuper ad negativam theo-
logiam， eo magis sermones nostri contrahuntur， etpost omnem ascensionem， quando 
Deo unimur， penitus obmutescimus. Talis ascensionis exempla ponit S. Dionysius 
in Capite IV et V Mysticae Theologiae. In Capite IV negat ea， quae in Sym-
bolica Theologia point; exempli gratia， divina schemata et divina loca'刊 quaein 
Symbolica Theologia point， negat dicendo ((causam omnium.... ..neque schema habere 
neque in loco esse))'印 1 Et in Capite V negat ea， quae in Theologicis Hypotyposibus 
et in libro De Divinis Nominibus ponit; exempli gratia， paternitatem et臼la-
tionem山 l，quas in Theologicis Hypotyposibus ponit， et vitam et sapientiam et 
virtutem'02l， quas in libro De Divinis Nominibus ponit， negat dicendo ((causam 
omnium neque virtutem..... .neque vitam..... .neque sapientiam..... .neque五liationem
neque paternitatem esse))'叫 Etultimo docet quod has omnes a自rmationesnega司
tionesque transcendendo'叫 debetcontemplator ingredi in illud ((arcana docens 
silentium))'05l. 
Ad ingressionem in illud silentium melius intelligendam， hic aliquantulum 
quaerendum est de sensu negationis in Mystica Theologia. Via negationis in 
Mystica Theologia videtur esse via negationis in theologia naturali Philosophiae 
Scholasticae. In naturali enim theologia， quando per viam a白rmationis Deo 
tribuimus perfectiones simplices， uti veritatem， bonitatem， vitam etc.， quae ex se 
includunt nullam imperfectionem， tunc simul debemus per viam negationis negare 
omnem imperfectionem， quacum ilae perfectiones simplices in creaturis permixtae 
sunt. Talem negationem contineri in negatione in Mystica Theologia non audemus 
negare. Sed altiorem sensum in ea contineri videbimus. Nunc attendamus animos 
nostros ad id， quod S. Dionysius negantem theologiam incipiens dicit: ((causa 
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omnium， quae supra omnia est， neque carens substantia est， neque carens vita， 
neque carens ratione， neque carens intellectu))，叫 Sihaec citatio non esset nisi 
vla a伍rmationis，quae viae negationis antecedit in sensu supra dicto， negatio in 
Capite IV et V Mysticae Theologiae resolveretur in theologiam naturalem. Sed 
si nomina supra citata possunt significare et aliquid in五nitumper a伍rmationem
negationemque supra dictas attactum， ut S. Thomas dicit quod ((nomen sapientiae 
prout in rebus creatis accipitur significat aliquid distinctum a justitia， ut puta in 
determinato genere et specie existens， sed cum in divinis accipitur， non signi五cat
aliquid determinatum ad genus et ad speciem seu distinctionem ab alis perfectionibus 
sed aliquid in五nitum))町)， negatio in Capite IV et V Mysticae Theologiae altiorem 
sensum habebit. Nam， aliquid infinitum， ad quod per a国rmationemnegationemque 
attingimus， non potest habere nullam imperfectionem; tale enim in五nitumnon 
potest transcendere illum五nem，ad quem per phantasmata rerum五nitarumattingere 
possumus; quod igitur omne infinitum旬lemimperfectionem habens penitus negando， 
profitemur quod (et supra omnem positionem est perfecta et singularis omnium 
causa; et supra omnem ablationem白 texcellentia ejus， qui ab omnibus simpliciter 
absolutus est) ，凹l hoc est negationis in Capite IV et V Mysticae Theologiae. Et 
cum theologia negans sic plus pro五teaturnescire， dicitur quod ((negationes de 
divinis sunt verae， a伍rmationesvero incongruae))州.
Per talem ignorantiam perfectam， quae excludit omnes scientificas apprehen-
siones， potest contemplator， adjuvante gratia， attingere talem altissimum statum， ut 
a se ipso et omnibus creaturis avocetur et per amorem exstaticum， qui amantem 
in amatum transfert， totus in Deum absorbeatur ; ubi omnis ejus natura defatigata 
cessabit. Talis in rapsu unio cum Deo est cognitio Dei experimentalis per amorem 
exstaticum. Cum in hoc statu ((simplicia et absoluta et immutabilia theologiae 
mysteria aperiantur))山)contemplatori， tamen， quia talis unio excludat omnes scien-
tificas apprehensiones， experimentum hujus cognitionis postea verbo explicari non 
potest， sicut dicit S. Thomas: (ili qui transierunt ad videndum Deum per essentiam， 
sicut beati omnes， non potuerunt nobis exprimere ipsam divinam Essentiam. Unde 
et Paulus raptus ad tertium coelum， dicit se audivisse‘arcana verba， quae non licet 
homini loqui' (I Cor. XII， 4))川 Etiamsitalis unio sit in facto paucissimorum， 
eam certe attingere poterit quicumque intente se exercet secundum viam negationis 
theologiae. Hanc igitur unionem altissimum actionis nostrae finem facere debemus， 
et ad hanc unionem attingendam debemus orare Trinitatem， ut in initio Mysticae 
Theologiae dictum est. 
Hic notandum est quod et in tali cum Deo unione contemplator non potest 
in stricto proprioque sensu comprehendere Dei essentiam. Quod ile facere potest， 
hoc est Dei essentiam attingere， sicut dicit S. Thomas: (a beatis quidem mente 
attingitur divina田sentianon autem comprehenditur))山) Unde etiam in summo 
gradu contemplationis， essntia Dei manebit nobis ut回ligo・
In sequenti schemate brevissime videbitur id， quod supra dictum est. 
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On the fall of the五rstman in St. Augustine 
Satoshi dide 
Abstract 
St. Augustine says that human nature has approached nothingness by the fal of the first man. 
The approach to nothingness has an important meaning for the evolution of human nature， namely， 
in human history: if human nature had not fallen in order that it might be able to receive the 
Grace of God， the perfection of the Gity of God would not be possible. Therefore， the present 
writer wants to try to explain the meaning of the approach to nothingness-with regard to intelligentia 
(intelligence)， memoria (memory)， voluntas (wil) and corpus (body). 







あるから。J(Et ideo non jam ego operabar illam (dissipationem)， sed quod habitabat in me peccatum 
de supplicio liberioris peccati， quia eram五liusAdam2)). 
「どの人間の本性も最初の人聞の罪によって真理から空虚へと堕落したJ(Omrtis humana 












もう無になってしまったことではなくて， ZKIEf=ろそe.~ (nihilo propinquare)なのである。J(Nec sic 
defecit homo， ut omnino nihil esset: sed ut inclinatus ad se ipsum minus esset， quam erat， cum ei 
qui summe est inhaerebat. Relicto itaque Deo， esse in semetipso， hoc est sibi placere， non jam nihil 
esse est， sed nihilo propinquare'入)
では，人間の本性が「無に近づく」とはどういうことなのか。聖トマスが「神学大全』で述べ
ている人間性の善の規定6)を手がかりとして論を進めていこう。
聖トマスによれば， r人聞の本性の善J(bonum naturae humanae)とよばれるものは， {欠
の三つの異なったものを意味する。
(1) 本性の構成原理 (principianaturae， ex quibus natura constituitur)である知性的霊
魂 (animair市 llectiva)と肉体 (corpus)，および，これから生じる諸能力。
(2) 徳への自然的傾向性 (naturalisinclinatio ad virtutem)。
(3) 人祖において全人間性に与えられていた原本的な義の賜 (donumoriginalis iustitiae)。
第一の意味に解されるとき， r[人間の]本性の善は，罪によって奪われることもなく，減じ










sicut in radice in natura rationali勺「ζのような傾向性の根[である理性的本性]は常に存











る。J(anima in unoquoque corpore， etin toto tota est， et in qualibet eius parte tota est.IO) 
「霊魂は，われわれの全肉体を活かす。J(anima totum corpus nostrum animat et vivificat.lI) 




intelligentia (知解)は， in tellectus (知性)と ratio(理性)とに分けられる。 intellectusは
sensus (感覚)を介する乙となしに永遠な事物を認識し， ratioは sensusを介して時間的な事
物を認識する。
「一方(叡智)は永遠な事物の知性的な認識であり，他方(学知)は時間的な事物の理性的な認識である。
そして，後者よりも前者に優位を置くべきことは誰も疑わない。J(alia (sapientia) sit intellectualis cognitio 










のうちに存する。J(mentis quasi sui sunt oculi sensus animae; disciplinarum autem quaeque certissima 
talia sunt， qualia ila quae sole illustrantur， ut videri possint， veluti terra est atque terrena omnia: 
Deus autem est ipse qui illustrat. Ego autem ratio ita sum in mentibus， ut in oculis est aspectus_13) 
乙の引用の意味を， De musica (r音楽論J)のなかの讃歌の例によって明らかにしてみよう。わ



















かれが， i感覚する ζ とほ肉体に属しないで， 肉体を介して霊魂に属するJ(sentire non est 
corporis， sed animae per corpus.'6l)と言っているのはこの意味においてである。 attentioに
ついで memoriaは，あらたに形成された感覚像 (visiocorporalis)を「現在のものの現在j
(praesens de praesentibus'勺として保持し，これとともに，すでに存している同じ節の感覚像









(serenissimam lucem supra)見上げ， i下方には重畳たる密雲をJ(densissimas nebulas subter'8l) 
見おろす。 intellectusは，自分がもっている「永遠な事物の真狸J(veritas rerum aeternarum'9l) 





ある。 学を可能にする乙の光こそは， 人間の本性の原本的な善であって， 罪によって奪われ
るとともなく減じられることもないものである。 これは， i人間理性の自然的な光J(naturale 





である。J(sol corporalis illustrat exterius; sed sol intelligibilis， qui est Deus， illustrat interius. Unde 
lumen naturale animae inditum est illustratio Dei， qua illustratur ab ipso ad cognoscendum ea quae 
pertinent ad naturalem cognitionem.21l) 
乙の「人間理性の自然的な光によって被造物から，神が万物の始めであり目的であることが確
実に認識されうる。J(Deum rerum omnium principium et finem， naturali humanae rationis 






ることもできない。J(oculus cordis perturbatus atque sauciatus avertit se a luce justitiae， nec audet 











(Deo proxima est， quando pura est; eique in quantum charitate cohaeserit， in tantum ab eo lumine 
ilo intelligibili perfusa quodam modo et illustrata cernit， non per corporeos oculos， sed per ipsius sui 






















現在J(praesens de praeteritis)として，いま生産された感覚像を「現在のものの現在J(praesens 
de praesentibus)として，さらに乙れらの感覚像の群から mensがっくり出すところの未来の感







て考えるのである。J(Ibi (in aula ingenti memoriae meae) mihi coelum et terra et mare praesto sunt， 
cum omnibus quae in eis sentire potui， praeter ila quae oblitus sum". Ex eadem copia etiam similitudines 
rerum vel expertarum， vel ex eis quas expertus sum creditarum， alias atque alias et ipse contexo 
praeteritis， atque ex his etiam futuras actiones et eventa et spes， ethaec omnia rursus quasi praesentia 
meditor."6l 
第二に memoriaは， (1)数や延長や真理の概念，および，無数の法則を， (2) 1あるか)lan 
sit) 1何であるかJ(quid sit) 1どんなものであるかJ(quale sit)という学を可能にする三種の設
聞が意味するととがらそのものを (resipsas quae i1lis significantur sonis)保有する。
「記憶は，数と延長の概念および無数の法則を含んでいる。しかし，それらのうちのどれも肉体の感覚が
刻印したのではない。J(continet memoria numerorum dimensionumque rationes et leges innumerabiles， 
quarum nullam corporis sensus impressit."7l) 
「かれらは，真理の或る観念がかれらの記憶のうちに存しないならば， [真理を]愛することはないて、あ




(Res vero ipsas quae ilis signi五cantursonis neque ullo sensu corporis attigi， nec uspiam vidi praeter 










れは知る。J(invenimus nihil esse aliud discere...， nisi ea quae passim atque indisposite memoria 
continebat， cogitando quasi colligere， atque animadvertendo curare， ut tanquam ad manum posita in 





ってもわたくしは乱されない。J(de memoria profero， cum dico quatuor esse perturbationes animi; 
cupiditatem， laetitiam， metum， tristitiam. '..nec tamen ulla earum perturbatione perturbor， cum eas 
reminiscendo commemoro.31l) 





能力が記憶と言われても不当ではない。J(sicut in rebus praeteritis ea memoria dicitur， qua五tut valeant 
recoli et recordari: sic in re praesenti quod sibi est mens， memoria sine absurditate dicenda est， 
qua sibi praesto est ut sua cogitatione possit intelligi et utrumque sui amore conjungit.321) 
上に述べたようなもの，すなわち，外的感覚的な事物，数や真理の概念などのような永遠な事
物， 外的な徴候によって知られる心の乱れなどは， いわば mensに「現存しないものども」
(absentia331)であり，これらが認識されるのは， memoriaがこれらを mensの視界内に送り込
み，これらを mensに現存させるからである。 ところが， 乙れらにもまして親密に mensに
現存するものがある。それは mens自体である。 mensは， memoriaにおいて自分自身と接触
し，自分自身の実体を知る。
「精神は，自分自身を知るとき，自分自身の実体を知る。そして，自分自身について確実であるとき，自
分自身の実体について確実である。J(cum se mens novit， substantiam suam novit; et cum de se certa 








精神が精神自体に現存するよりもすぐれた仕方で精神に現存するものは何もない。J(Nihil enim tam novit 








redire ad m巴metipsum，intravi in intima mea， duce te; et potui， quoniam factus es adjutor meus.36l) 
最初 mensは被造物の間に神を求める。被造物は， ["わたくしを造ったのは，わたくしで
はなくて神である。J(Non me ego feci， sed Deus3勺と叫ぶからである。だが，これだけでは







歩み入ったが……そこにもあなたはいなかった。J(Transcendi enim partes ejus (memoriae mea巴)， quas 
habent et bestiae， cum te recordarer quia non ibi te inveniebam inter imagines rerum corporalium， 
et veni ad partes ejus， ubi commendavi a妊ectionesanimi mei， nec ilic inveni te. Et intravi ad ipsius 





て他にありえょうか。J(Ubi ergo te inveni ut discerem te? Neque enim jam eras in memoria mea 

















可能である]oJ(in ila specie qua Deus est， longe ine圧abilitersecretius et praesentius loquitur locutione 
ineffabili， ubi eum nemo videns viv巴tvita ista， qua mortaliter vivitur in istis sensibus corporis: sed 
nisi ab hac vita quisque quodammodo moriatur， sive omnino exiens de corpore， sive ita aversus et 
alienatus a carnalibus sensibus， ut merito nesciat， sicut Apostolus ait， utrum in corpore an extra 











それは，愛するものに到達して休むためなのである。J(sicut corpus tandiu nititur pondere， sive deorsum 
versus， sive sursum versus， donec ad locum quo nititur veniens conquiescat; pondus quippe olei si 
dimittatur in aere， deorsum; si autem sub aquis， sursum nititur; sic animae ad ea quae amant propterea 




て，意志は本性の運動である。J(Motus animi quid est， nisi motus naturae? Animus enim sine dubitatione 










することと知ることとを愛する。J(et sumus， etnos esse novimus， et id esse ac nosse diligimus.46) 
第一に，自分の存在に向かう愛について述べよう。
自分の存在に向かう愛ほ，人間にばかりでなく，存在の各段階に類比的に見出される 4的7η〉
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のは，じつは「感覚を感覚されうる事物に向かつておじ進め，さらにその像を感覚のうちに保
つ意志J(voluntas quae rei sensibili sensum admovet， in eoque ipsam visionem tenet;'O)の
働きなのである。意志のこの働きがない場合には，感覚知覚は成立しえない。何かを考えてい
るとき，そばで語られでも聞えないのは，このような場合である。注意において働きだした意志





















(Quod tibi non vis fieri， ne facias alteri.52)) という行為の法則にほかならない。「律法が与え
られる以前においてさえも，この乙とに無知であることは，誰にも許されなかった。J(Hoc et 
antequam Lex daretur nemo ignorare permissus est.53)) この法則は創造のとき人聞の心に書
きこまれ，人祖の罪によってさえ泊されることなしに保存されている。
「窃盗の行為は，主よ，たしかにあなたの律法によっても，また，人聞の心のなかに書きこまれていであ
の不義さえも消すことができない法則によっても罰せられる。J(Furtum certe punit lex tua， Domine， et
lex scripta in cordibus hominum， quam ne ipsa quidem delet iniquitas.54)) 












んとよく知られていることがらであろう。J(quantum nobis， sieis (sicut ignis， frigus， fera bestia etc.) 
congruenter atque scienter utamur， commoditatis attribuant; ita ut venena ipsa， quae per inconvenientiam 
perniciosa sunt， convenienter adhibita in salubria medicamenta vertantur: quamque a contrario etiam 














きすべての事物の充足であるJ(omnium rerum optandarum plenitudinem esse felicitatem.57l 
ならば，真の幸福は，誰すが希求する不死を含まなければならないからである。「すべての人聞
は，死すべきものであるかぎり，悲惨であることは必然でさえある。J(omnes homines， quamdiu 
mortales sunt etiam miseri sint necesse est.58))悲惨の重圧は，生への意志をも窒息させよう
とする。
「どれほどすぐれた雄弁をもっていたとしても，この世の悲惨を十分に言い表わしうるようなひとがし、



























する。J(visorum suasionibus agit Deus， ut velimus， etut credamus， sive extrinsecus per evangelicas 
exhortationes， ubi et mandata legis aliquid agunt， siad hoc admonent hominem infirmitatis suae， ut 
ad gratiam justificantem credendo confugiat; sive intrinsecus， ubi nemo habet in potestate quid ei 
veniat in mentem， sed consentire vel dissentire propriae voluntatis est. His ergo modis quando Deus 
agit cum anima rationali， ut ei credat; neque enim credere potest quodlibet libero arbitrio， sinulla 
sit vocatio cui credat; profecto et ipsum velle credere Deus operatur in homine， et in omnibus 
misericordia ejus praevenit nos; consentire autem vocationi Dei; vel ab ea dissentire， sicut dixi， 















ことは，人類の「もっとも大切な第一の捉J(maximum et primum mandatum6勺として啓示
されている。「心をつくし，霊をつくし，思いをつくして，主であるあなたの神を愛しなさい」









人を聖な仕方で霊的に愛するひとは，隣人のうちに神を愛するのでなくてなんであろう。J(qui diligit Deum， 
non eum potest contemnere praecipientem ut diligat proximum; et qui sancte ac spiritualiter diligit 




「従順はあらゆる徳の母であり，保護者であるJ(obedientia mater omnium custosque 
virtutum."刊とアウグステイ戸ヌスは言う。なぜなら，神への絶対的従順から四つの枢要徳
(virtutes cardinales)，すなわち，賢明 (prudentia)，正義 (justitia)，節制 (temperantia)，岡IJ毅
(fortitudo)が導き出されるからである。
「賢明」とは， 1神に対する愛を助けるものと妨げるものとを鋭く識別する愛J(amor ea 
quibus adjuvatur [amor Dei] ab eis quibus impeditur， sagaciter seligens."7l)である。
「正義」とは， 1自由意志をもっているひとが，可変的事物に対する愛から自由になろうと
欲し，さらに，自由意志の支配にしたがって，自分よりもいっそう神を愛し，万物の支配者で
あるーな神に服従しようとするJ(quem delectat libertas， ab amore mutabilium rerum liber 
esse appetat; et quem regnare delectat， uni omnium regnatori Deo subditus haereat plus 




びつけられるJ(rebus spiritualiter pulchrioribus， et incorruptibiliter suavioribus coaptamur."9l) 
ために， ["情欲を抑制するJ(libidines refrenamus70l)ことである。
「岡IJ殺」とは，神のために「あらゆる困難を耐え忍ぶJ(omnia moIesta: toleramus71l)ζ と
である。
「これらの諸徳は， 涙の谷に住むわれわれに， 神の思議によっていま与えられる。J(Istae 
virtutes nunc in convalle plorationis per gratiam Dei dantur nobis.'2l)思寵の協方のもとに，
これらの徳によって，愛さるべきものすなわち神を愛するとき，ひとは白然的秩序における自
愛の段階から，超自然的秩序におけるカリタス (charitas)の段階へと高められる。
「徳、は，それによって，愛さるべきものが愛されるとき，カリタスとなる。J(virtus est charitas， qua id 
quod diligendum est diligitur.73l) 
ひとはより高いカリタスの段階へと登つてはいくが， ["この世に生きているかぎり，もうそれ以
上ふえることのできない極限のカリタスは誰にも存しない。J.(plenissima vero quae jam non 
possit augeri， quamdiu hic homo vivit， est in nemine.74l)ひとのカリタスは，常に増加の可能
性をもっ。換言すれば，それは，あるべき状態よりもつねに劣った状態にある。その理由は，
じつに vitiumに存する。
「あるべき状態よりも劣った状態にあること，このことは vitiumからきている。J(ilud quod minus est 












られて後者を断念しない。J(etiam cum aeternit冶sdelectat superius， ettemporalis boni voluptas retentat 
inferius， eadem anima est non tota voluntate illud aut hoc volens;巴tideo discerpitur gravi molestia， 






「われわれの心は，あなたのうちに休らうまでは安らぎをえない。J(inquietum est cor nostrum， donec 





quod fit per hominem， majus miraculum est homo.78))にもかかわらず，人聞は死すべきもの
である。「この世の時間は，死に向かつての走行以外の何ものでもない。J(omnino nihil est 









「おまえは土である，だから土に帰っていけ」と言って罪を罰したからである。J(Unde constat inter Chris-
tianos veraciter catholicam tenentes五dem，etiam ipsam nobis corporis mortem， non lege naturae， qua 
nullam mortem homini Deus fecit， sed merito inflictam esse peccati: quoniam peccatum vindicans 
Deus， dixit homini， in quo tunc omnes eramus， Terra es， etin terram ibis."') 
「人祖は，もし罪を犯さなかったならば，死によってかれらの肉体から分離されるということは決してな
し従順の徳を遵守した功徳によって不可死性を与えられ，肉体とともに永遠に生きるように造られたこと
を，キリスト教の信仰は公言する。J(fides christiana praedicat， primos homines ita fuisse conditos， ut 
si Iwn peccassenしnullamorte a suis corporibus solverentur， sed pro meritis obedientiae custoditae 








lp pL一司bianima privatur D 
(霊魂が神から見捨てられるとき)
pars posterior (後の部分)二ubicorpus privatur 
anima (肉体が霊魂から見捨てられるとき)
















であろう者だけが属するが，第二の復活には，至福な者も悲惨な者もともに属する。J(qui per remissionem 
peccatorum vivunt， jam non sibi vivunt， sed ei qui pro omnibus mortuus est propter peccata nostra， 
et resurrexit propter justi五cationemnostram; credentes in eum qui justificat impium， ex impietate 
justificati， tanquam ex morte vivi五cati，ad primam resurrectionem， quae nunc est， pertinere possumus. 
Ad hanc enim primam non pertinent， nisi qui beati erunt in aeternum; ad secundam vero， et beati 





duae， una prima， quae et nunc est， etanimarum est， quae venire non permittit in mortem secundam; 
alia secunda， quae nunc non est， sed in saeculi五nefutura est， nec animarum， sed corporum est， 











ばれても，それは不当ではない。J(quia sensus ipse nec voluptate suavis， nec quiete salubris， 








spiritui summa et mirabili obtemperandi facilitate subdetur， usque ad implendam immorta時






す霊によって存続するからである。J(Unde et spiritualia erunt; non quia corpora esse desistent， sed quia 








という理由によってなのである。J(ila spiritualia vocantur corpora; absit tamen ut spiritus ea credamus 
futura， sed orpora carnis habitura substantiam， sed nullam tarditatem corruptionemque carnalem 
spiritu vivificante passura. Tunc jam non terrenus， sed coelestis homo erit: non quia corpus quod 
de terra factum est， non ipsum erit; sed quia dono coelesti jam tale erit， ut etiam coelo incolendo 




















(corpus animale habuit Adam， non tantum ante paradisum， sed etiam in paradiso constitutus: quamvis 
in interiore homine fuerit-stiritualis， secundum imaginem ejus qui creavit eum; quod amisit peccando， 












ぜであろう。J(Cur ipsam (mortem) patiantur， si et ipsa (mors) poena peccati est， quorum 








や信仰は存しない。J(tunc巴st五des，quando exspectatur in spe quod in re nondum videtur 
…jam nec fides esset， confestim sui operis quaerendo et sumendo mercedem!O勺
第二に， それは「死の恐怖にうち勝つ乙とにおいて， 義の強さが修練されるためJ(ut in 
(441) 
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mortis timo回 vincendoexerceretur fortitudo justitiae叫))であった。「霊魂と肉体とを引き裂く
力は苦味をもっており，自然に反するものである。J(habet asperum sensum et contra natt.Iram 































それを食べた日には死ぬであろう。J(ab omni ligno quod est in paradiso， edes ad escam; de ligno autem 
cognoscendi bonum et malum， non manducabitis de ilo. Qua die autem ederitis ab eo， morte 

























できたとすれば，人聞が大きな貰讃に価するとはわたしには思われないJ(non mihi videtur 







どまることができる助けが欠けていなかったからである。J(posset permanere si vellt: quia non deerat 





















る。J(voluntas， innatura quae facta est bona a Deo bono， sed mutabilis ab immutabili， quia ex nihilo， 
a bono potest declinare， utfaciat malum， quod五tlibero arbitrio.124J) 
この逸脱をアウグスティーヌスは， i隠れて生じる破滅J(ruina quae fit in occulto)とよ
ぷ。これに続くものは「あらわに生じる破滅J(ruina quae fit in manifesto)である出J0 i彼女
は， 蛇が彼女に語ったことを真実であるかのように受けとってしまいJ(ila quod ei serpens 
locutus est， tanquam verum esset， accepit.126J)，禁断の樹の実を取って食べ，それを夫にも与
えた。 i乙の夫は， 真実であるかのように語る蛇にまどわされてその言葉を信じたけっか自分
の妻に従い，神の錠の破棄に向かったのではなし夫婦のつながりによって妻に従ったJ(ile 
vir suae feminae...ad Dei legem transgrediendam， non tanquam verum loquenti credidit 
seductus， sed sociali necessitudine paruit.山J)のである。 アダムは， iただひとりの配偶者か










食べました。 Gen.III， 13 Jという女の言葉， Iわたくしの連れとしてあなたがくださったこの









腰に巻くものを造った。 Gen.III， 7J と聖書が語るように，かれらの「罪の不従順J(culpabilis 
ino bedientia'35l)に対する「罰の不従順J(poenalis inobedientia13吋として最初にあらわれたも
のは，情慾 (concupiscen tia)であった。情慾のあらわれによって， かれらは， Iかれらの肢体
が意志に反抗することを知らなかったときに，恩寵の衣によって何がかれらに与えられていた
かJ(quid eis indumento gratiae praestaretur， quando membra eorum voluntati repugnare 
nesciebant ?136l)を，すなわち，以前におかれていた高い思寵の状態がどんなものであったかを
知った。そして，情慾のあらわれが以前の高い思寵の喪失に由来する乙とを悟った。このとき
から情慾は，三位一体の像，すなわち，神に向けてつくられた vo1 un tas . memoria . intelligen tia 
を侵害し，その能力を悪化させてしまった。
情慾とともに苦痛 (dolor)が「罰の不従順Jとしてあらわれ， 肉体の老化と死がかれらに
迫ってくる。「ひとが欲しないにもかかわらず， 肉体は苦痛を感じ， 老化し，死ぬJ(Homine 












性が勝利をえて健康が苦痛を取り去るか，である。J(Hic quando confligit cum ipsa natura 
















悪魔がわなを張りえない場所はないJ(nullus locus est， ubi non possit laqueos tendere qui 
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A Study of Fatigue as one of Considerations in Imparting 
Physical Education to Night Students 
ltigi Seino， Hidetoshi Kon再riand Kδhei Seto 
Abstract 
There are various probleme for conside'ration ih imparting physical Training to night students， 
probably because they are for the most part engaged in some or other occupation in the daytime. 
This research paper treats of physical fatigue which may exert a great influence' upon Education. 
The present writer ¥lxpects the treatise to be a qirection of treaching this subject to night students 
in particular. 
1. 緒 昌ー


















研究に要じた期間は昭和 39年5丹上旬から同年6月中旬までの 6週間で， ζの間 120分
授業を 1週に 1回計 6回行なった。各種目とも第 1過は練習日として計測器の不慣れからくる
測定値のバラツキをふせいだ。
(3) 被験者
学部学生は 1年目 6クラス中より 1クラス抽出し，更に 44名抽出した。 2部学生は 1年目

















A寸'4ー 膏官 E日 Xl-.r2 t検定
"'1 S， ア2 S2 
身 長 167.12 5.41 166.75 5.33 0.37 0.61 
体 重 57.96 6.81 57.21 6.34 0.75 0.78 
胸 囲 88.65 4.10 87.82 3.89 0.83 1.01 
背 筋 力 141.21 20.11 141.78 20.19 -0.57 -0.06 
重 直 膨8 54.89 5.08 54.03 5.01 0.86 1.61 
サイドステップ 23.40 3.34 23.23 3.21 0.17 0.74 
(454) 





t -jZ三竺止- /五λ(nj+n2-2) 2つの独立な平均値の
= :;瓦Si平云，5;Y~十均 一一…h ・差の検定 (ι分布)














1 40 38 26 45 46 
2 44 43 27 46 43 
3 48 45 28 44 48 
4 45 44 29 46 46 
5 41 34 30 43 41 
6 39 40 31 46 40 
7 46 37 32 44 38 
8 41 39 33 48 47 
9 42 40 34 42 40 
10 41 42 35 43 40 
11 40 40 36 36 42 
12 45 44 37 46 42 
13 49 48 38 44 46 
14 50 48 39 46 42 
15 45 42 40 44 40 
16 43 40 41 46 40 
17 41 35 42 43 46 
18 48 41 43 48 47 
19 45 40 44 43 40 
20 45 43 
21 39 39 
22 49 46 M ニ43.91M=40.71 23 46 41 
24 45 44 









1 43 41 31 41 40 
2 37 35 32 45 44 
3 40 41 33 40 40 
4 39 38 34 45 41 
5 43 42 35 42 40 
6 46 41 36 37 36 
7 43 40 37 44 42 
8 42 43 38 38 42 
9 39 33 39 40 43 
10 38 35 40 40 38 
11 45 40 41 42 42 
12 40 40 42 44 37 
13 46 38 43 41 41 
14 47 46 44 38 37 
15 43 39 45 39 32 
16 41 40 46 44 42 
17 35 34 47 37 37 
18 45 37 48 37 32 
19 38 41 49 43 40 
20 47 44 50 45 42 
21 46 43 51 44 42 
22 43 39 52 42 42 
23 37 37 53 37 33 
24 40 39 54 44 42 
25 41 39 
26 42 42 
27 42 37 M=40.51 M=39.35 
28 38 37 
29 44 37 s= 2.99 s= 3.16 
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図-4
F (2部学生)
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表-6 学部学生 表-7 2部学生
pH-償 pH・値
人員(前前|時 人員[負判負荷後 人員|負荷前l時 人員|吋的
1 7.2 6.8 26 6.2 5.8 1 7.2 6.4 6.2 6.2 
2 6.6 6.4 27 5.8 5.8 2 6.8 6.6 32 6.2 6.2 
3 6.8 6.6 28 6.4 6.4 3 6.2 5.8 33 7.2 6.6 
4 6.2 5.8 29 6.8 6.4 4 6.4 5.8 34 6.4 6.2 
5 5.8 5.8 30 5.8 5.8 5 7.0 6.8 35 6.6 6.4 
6 6.2 5.8 31 6.8 6.6 6 7.2 6.4 36 6.8 6.6 
7 6.4 5.8 32 7.2 6.6 7 6.8 5.8 37 6.8 6.4 
8 6.4 6.2 33 5.8 5.8 8 6.8 6.6 38 6.8 6.6 
9 6.8 5.8 34 6.8 6.2 9 7.0 6.8 39 6.2 5.8 
10 7.0 6.2 35 7.2 6.6 10 6.2 5.8 40 7.0 7.0 
11 6.2 5.8 36 5.8 5.8 11 6.4 6.2 41 6.6 6.6 
12 6.8 5.8 37 6.8 6.8 12 6.6 5.8 42 7.2 6.8 
13 6.4 6.2 38 6.6 5.8 13 6.8 6.4 43 7.2 7.0 
14 5.8 5.8 39 7.2 6.6 14 6.8 6.8 44 6.8 6.8 
15 6.4 6.2 40 5.8 5.8 15 7.2 6.4 45 6.4 6.4 
16 6.2 5.8 41 7.2 5.8 16 6.2 5.8 46 6.8 6.8 
12 6.8 6.6 42 5.8 5.8 17 6.8 6.4 47 6.8 6.6 
18 7.0 6.2 43 7.0 6.4 18 6.2 6.2 48 7.2 6.2 
19 6.2 5.8 44 5.8 5.8 19 6.6 6.2 49 6.8 6.6 
20 6.4 6.2 20 7.2 6.4 50 7.0 6.8 
21 6.2 5.8 21 6.2 5.8 51 6.8 6.2 
22 6.8 5.8 九fニ 6.57扇=6.20 23 6.2 5.8 
22 7.2 5.8 52 6.4 6.4 
23 6.4 6.2 53 6.8 6.6 
24 6.4 6.2 s= 0.46 s= 0.25 25 6.4 6.2 
24 6.3 6.4 54 7.0 6.8 
25 7.0 6.4 
26 6.2 5.8 
27 7.0 6.6 爾=6.82 信=6.48 28 6.4 6.2 
29 6.4 6.2 
Sニ 0.34s= 0.36 30 6.8 6.4 
A 寅荷前(学部〉 25 B寅荷後(学部)






































変動 pH値 変動 pH{1直
。 11 。 9 
0.2 10 0.2 19 
0.4 10 0.4 14 
0.6 6 0.6 4 
0.8 3 0.8 5 
1.0 3 1.0 2 
1.2 。 1.2 。






(X2) (n = 54) 
.1"'1-3"2 t検定
:r1 SI 3'2 S2 
運動負荷前F-値 43.91 3.07 40.51 2.99 3.40 5.43* 
運動負荷前 pH-{i直 6.57 0.46 6.82 0.34 -0.25 3.02* 
運動負荷後 F-値 40.71 3.11 39.35 3.16 1.36 2.10* 
運動負荷後 pH-{it 6.20 0.25 6.48 0.36 -0.28 4.27*氷
運動負荷前後で変化した F-値 -3.59 2.93 2.07 2.39 1.52 2.74** 
運動負荷前後で変化した pHイ直 0.37 0.33 0.34 0.32 0.03 0.44 
{Itl ~1.980}=0.05* {Itlミ;2.617}=0.01料
(458) 








Ix，-x21 Fn n2 (n，十n2-2)'\./~2 2 …… 2つの独立な平均値の差の検定 (t分布)t = .jri烹訪玄 V
表-11 学部学生と 2部学生の運動前後で変化したF値及びpHイ直
(学x)部学生 2 部学生 学部学生 2部学生(nニ44) (x，) (n=54) 戸+ι 部 JU 
世 S " S2 t検定 t検定













































(6) 更に表-12により E値と pH-値の母相関係数をとってみると，表-13に示すようにな
り表-12，表-13とも， 5~1% 水準で有意の相関をみた。これは学部学生運動負荷前の F-値と
pH-{直の相関係数と 2部学生の運動負荷前の F-値と pH-値の相関係数との聞に有意の差があり




~. F-値 | 学部学生 | 学部学生 2部学生


















学部学生運動負荷後の F-値と pH-値の相関係数と， 2部学生
運動負荷後の F-憶と pH-値の相関係数との母相関係数。
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表 14 学部学生 表-15 2部学生
ハーバードステップ ハーバードステップ
F， 人員| F， 人員 i F， |人員| F， 
29 26 44 
25 27 76 
37 28 64 
53 29 74 
56 30 82 
1 27 31 
2 30 32 
3 50 33 
4 60 34 
5 58 35 
6 63 36 
60 31 67 7 61 37 
37 32 86 8 71 38 
57 33 74 9 51 39 
54 34 46 10 69 40 
60 35 57 11 75 41 
45 36 69 
110 37 76 
40 38 47 
72 39 74 
12 64 42 
13 73 43 
14 51 44 
15 .64 45 
54 40 81 16 79 46 
17 59 47 
91 41 49 18 68 48 
56 42 83 19 52 49 
42 43 84 20 57 50 
55 44 77 





23 78 53 












表一16 学部学生と 2部学生の H.S.T.の比較
学部学生 2 部学生
(x，) (n=44) I (X2) (n=54) :r・1-.1"2
5'， 1 S1 :r2S2 


















































前と後でで、は F-値， pHイ直ともかなりの差を示している。 表-18の比較では 1項目を除きいずれ
も有意の差を示している。
表 18 H.S.T.の前後で測定した F-{I直と pHイ直の比較
2 部学生




学部学生運動負荷前F-値 44.02 3.11 40.99 3.03 3.03 4.76** 
2部学生運動負荷前pH-{1直 6.96 0.33 6.60 0.51 0.36 6.54料
学部学生運動負荷前 F-値 38.12 3.32 37.36 3.04 0.76 1.16 
2部学生運動負荷前pH-{1直 6.26 0.25 6.02 0.21 0.24 15.48** 
1 tlミ2.617=0.01材使用した計算式は前掲の ι分布検定による。





























































S = 13.1 
同=118.8 







服 8090 10 10 120 130 140 150 160 170 t80 190 200 
同=111.2
S = 11.0 
同=111.9















50% 55 60 65 70 75 80 85 90 95 100 
図-18 運動前後における脈持回復率 (3分後)
ω2部学生N=54g:?32
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2部学生の主催低下は学部学生より少ない。
(3) pHイ直では F-値の場合と逆で，負荷後では pHイ直の低下は両群とも， ほほ同じ値を示
















(6) 表-17のF値と pH-値に対する H.S.T.-F.I.の相関はいずれも有意で， 運動負荷前後
とも変化のしかたは F.1.と関係があるといえる。従って聞に介在する疲労と密接に関係するも
のと考えられる。
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On Di妊erenceof 11easute立lehtValue of Timil1g Conttol between 
Day Students and Night Students of this Vniversity 
before and after their T aking Exercise 
Itigi Seino Hidetoshi Konari and Kδhei Seto 
Abstract 
This paper is chiefly concerned with the expIanation of difference of measurement value of 
timing control between day students and night students of this Vniversity before and after they take 
exercise. The purpose of this treatise is to furnish instructors with much information in guiding 
night students when they teach not merely Physical Training， but other suhjects as well. 
1. 緒言
本学には，昼間の工学部 (4年制)と夜間のエ学部2部 (5年制)がある。 両学生の運動前
(授業前)と運動後の TitningConttol (以下 ToCと略す)測定値の差異を比較し， 2部学生に対
する正課体育および他授業の教育上の参考資料として本研究を試みた。
2. 調査対象
学部学生 (4年制) 1年目 44名 参考 空手部学生 18名













15 15 5 19 54 富士鉄 15名
項目 勤務により夜疲労を感じるか。 室工大 7名
程度 大 中 日鋼 4名
人員 6 28 20 54 開発局 3名
項目
建 3
勉強か疲労に困難を感じるか。 、 市役所一 2名
程度 大 中 NHK 2名
人員 4 28 22 54 その他 2名










































検査項目 (1-1)(1-3) (3-3) 
i) 運動後(ハーバードステップ3分負荷後)
検査項目 (1-1)(1-3) (3-3) 
???? ? ー???????
?
検 1" 1" I (1-1)'と略す。
査 I 1"十一一-3" I (1-3)と略す。項~ ~ 




i) i)共， 各項目毎に3回測定してその平均値をとった。 なお検査実施前器具の説明をし
て 1-2回練習させた。
4. 結果と考察





いるが，あとの 5項目は 5%水準で有意の差が認められなかったので， 2群は一応等質である
と考えて Bから以下の考察を行なった。
表-2 測定前の学部学生 (4年制)と 2部学生 (5年制)の体格，運動能力の比較
項~~日~区、~分 4(年n生=4(4Z)1) すF(Z2)54) .71-:1附2 t検定
3・1 5， "'2 52 
身 長 167.12 5.51 166.75 5.33 0.37 0.61 
体 重 57.96 6.81 57.21 6.34 0.75 0.87 
胸 囲 88.65 4.10 87.82 3.89 0.83 2.38* 
背 筋 力 141.21 20.11 141.78 20.19 -0.57 0.06 
主霊 直 跳 54.89 5.08 54.03 5.01 0.86 1.61 











表-3 運動前後の頻数分配表 (段階単位 1/100秒)
学部学生 (4年制) 2部学生 (5年制)
(1-1) ① (1-1) ② 
頻 数 頻 薮
段 階 前 後 段 階 前 後
0.4 -x 。 2 0.4 -x 。 。
0.35'""0.4 。 1 0.35-0.4 。 3 
0.3 -0.35 1 3 0.3 -0.35 2 3 
0.25-0.3 1 1 0.25-0.3 1 5 
0.2 -0.25 2 1 0.2 -0.25 3 4 
0.15-0.2 3 3 0.15-0.2 7 8 
0.1 -0.15 7 13 0.1 -0.15 10 7 
0.05-0.1 14 10 0.05-0.1 10 6 
-0 -0.05 6 。 -0 -0.05 4 。
+0 -0.05 1 1 十O -0.05 3 1 
0.05-0.1 3 。 0.05-0.1 2 1 
0.1 -0.15 3 5 0.1 -0.15 3 5 
0.15"""0.2 1 1 0.15-0.2 4 。
0.2 -0.25 1 。 0.2 -0.25 。 5 
0.25-0.3 。 。 0.25-0.3 。 2 
0.3 -0.35 。 。 0.3 -0.35 1 。
0.35-0.4 1 1 0.35-0.4 。 2 
0.4 -x 。 2 0.4 -x 4 2 
計 44 44 計 54 54 
t -0.047 -0.078 ヨr -0.029 -0.057 




図-1 運動前の頻数分聞図 (1-1) 
(470) 
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1 1 。 。
1 。
1 1 。 1 。 1 。 。
18 18 




1 1 。 。
1 1 
1 1 。 。。 。。 。
1 1 。 。
2 。。 2 
1 1 。 。
18 18 
l 山 I -0.附|叩 1 -0.阻
土0.165I 土0.263I 士O側






学部学生 (4年制) 2部学生 (5年制)
(1-3) ③ (1-3) ④ 
頻 数 頻 数
段 階 前 後 段
階 前 後
0.4 -x 4 13 0.4 -x 6 25 
0.35-0.4 6 2 0.35-0.4 8 1 
0.3 -0.35 1 6 0.3 -0.35 5 6 
0.25-0.3 5 6 0.25-0.3 3 2 
0.2 -0.25 6 5 0.2 -0.25 5 3 
0.15-0.2 9 6 0.15-0.2 4 3 
0.1 -0.15 6 。 0.1 -0.15 6 。
0.05-0.1 。 。 0.05-0.1 3 。。-0.05 1 。 -0 -0.05 1 。
+0 -0.05 。 。 十O -0.05 1 。
0.05-0.1 1 。 0.05-0.1 1 。
0.1 -0.15 1 1 0.1 -0.15 2 2 
0.15-0.2 1 。 0.15-0.2 1 2 
0.2 -0.25 1 I 0.2 -0.25 3 。
0.25-0.3 1 。 0.25-0.3 3 。
0.3 -0.35 。 1 0.3 -0.35 。 2 
0.35-0.4 。 2 0.35-0.4 。 2 
0.4 -x 1 1 0.4 -エ 2 6 
言十 44 44 計 54 54 
2‘ -0.178 -0.232 、々 -0.173 0.272 





図-2 運動前の頻数分配図 (1-3) 
(472) 
学部学生と 2部学生の運動荷絵Jとおける Timing，Control測定値の差異について 473 
(3;-3) ⑤ 
表-3 運動前後の頻分配表 (段階単位U1，QO秒)
学部学生 (4年制) 2部学生 (5年制)
(3-3) @ 




















































































































分配され，特に 2部学生は著しい。 京た Timingも両者共よくないが， 2部学生の方が変化が
大きく結果は悪い。






























百2ar5 0.1 0.05.:ュO;tQ.05的 0.1502 0.25' 0.3 0.3504χ 
←段階→
図 4 運動後の頻数分配図 (1-1) 



































図-6 運動後の頻数分配図 (3-3) 
(476) 






-0.05， -0.1， +0.05， +0.1の範囲内には分配されていないことが注目される。また変化が大
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8 。 1 
2 3 1 
1 4 1 
2 4 2 
1 3 6 
4 2 1 
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4 。 1 











」一--410-- 一一 ← 
←段階→
運動後
日~ー 一一一一一一一一→ 寸15----- 一 一
人I員 4 一学部学生
一一一一 -~--I- 一一・ -llO-------ー プタケー 2部学生




図-10 運動前と後の変化値頻数分配図 (1-1) 
(478) 
学部学生と 2部学生の運動前後における TimingControl測定値の差異について 479 




いる。特に 2部学生の方が-0.4から -xに多く分配されていることが注目される。また， (+) 
運動前





-χ04 0.35 0..3 02502 0.1501 0.5-0+0.0.50.1 0.1502 0.250.3 0.350品 χ
←段階→





































図-14 学部学生と 2部学生の運動前と後の比較 (3-3)
(480) 















a. (1-1)の場合 表-4，図-17，18， 19参照
ζの表および、図から，平均値において運動前ではー0.025，運動後で -0.005と後の方が値













χ04 0.350.3 02502 0.15 01 005-0+0050.1 015 02 02503 03504χ 
←段階→
図 18 空手部学生の運動前と後の比較
f1-1) ...0臼柱 (1-3) ー黒柱
T5 関
門関図悶日開川副日開門日 開-
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表-5 学部学生 (4年制)と 2部学生 (5年制)の運動前と
後における TimingControl測定値の比較
\項~区'''--自\\\A H 5年(n制z54(z)z) 4年(n制=44(Z)2) :1"1 -3"2 
2・1 SI "'2 S2 
-0.029 0.184 -0.47 0.04 0.018 
運動前 1-3 -0.173 0.239 -0.178 0.191 0.005 
3-3 -0.20 0.27 -0.196 0.208 0.004 
-0.057 0.221 -0.078 0.192 0.021 
運動後 1-3 -0.272 0.317 -0.232 0.235 -0.-04 
3-3 0.286 0.344 一0.26 0.275 -0.026 
-0.028 0.129 -0.031 0.091 0.003 
変化値 1-3 0.089 0.182 -0.054 0.101 -0.035 
3-3 0.086 0.198 -0.064 0.117 -0.022 
















いことは Timingが良好でないことを意味し， この要因として考えられる点は， B-(4トcで示
したと同一で、あるが，要点としては下記の通りである。






































Some Linguistic Di伍.cultiesin T，伺chingPronunciation 
ωthe ]apanese Learner of English 
Shozo Takemoto 
Abstract 
1t seems to be one of the fundamental tenets of the modern methods of teaching a foreign 
language that the best results can be achieved when we make a careful comparison of the structure 
of the learner's mother tongue and that of the foreign language to be taught "ァitha view to discov-
ering trouble spots and arranging the teaching materials accordingly. 
This kind of comparative study is of much importance and of necessity especially when we teach 
pronunciation to the Japanese learner of English. 1n spite of the fact that there are striking difer-
ences between some sounds of Japanese and those of English， Japanese learners are very often .apt 
to substitute Japanese sounds for the English ones without being conscious of these diferences. 
The pr.esent writer， therefore， tries in this paper to discuss various conceivable points in teacl}Ing 
pronunciation concerning ways in which the Japanese learner may be handicapped in acquring 
a habit of pronouncing natural English. 
Preliminary Remarks 
C. Fries suggests in his English Pronunciation that there are in general three 
means of teaching speci五csound segments. They are: 1) by imitation， 2)by 
articulatory description， and 3) by comparison with the nearest sound in the 
learner's native language1). 
With this suggestion in mind the present writer tries in this paper to五nd
out a clue to the betterment of teaching English pronunciation for the Japanese 
learner through a comparative study of the sound structure of Japanese and that of 
English. 
Although some sounds of Japanese are approximately equivalent to those of 
American English， some are strikingly different. The Japanese learner of English， 
for instance， very often has extreme di伍cultywith American English soundsぺ
such as [f]， [v]， [8]， [1]， [a]， since the Japanese language lacks these sounds. 
The same organs are used in pronouncing the sounds of Japanese and those 
of English， but they are used in somewhat di妊erentways. Those organs a問 parts
of the mouth， the tongue， the nose and the throat. Therefore， when we try to 
overcome the di伍cultyin acquiring natural English pronunciation， we should，五rst
of al， learn a bit about how those organs are used to make the different sounds 
which are more or less unfamiliar to the Japanese. 
There would be many more points to be discussed if we pay close attention 
to the slight di恥rencesbetween even those sounds which are most alike in the 
two languages. The present writer， however， con五neshis discussion to the most 
salient trouble spots which we usually experience in teaching English pronunciation 
to the Japanese learner3). 
(485) 
486 Shozo Takemoto 
They位 eto be discussed under the following nine headings. 
1. Distinction Between [1] and [i] 
2. The Low Front Vowe1 [a] 
3. The Vowe1s [u] and [u] 
4. The Consonants [t] and [d] 
5. Distinction Between [r] and [1] 
6. The Consonants [d3] and [3] 
7. Labio.denta1 [f] [v] and Denta1 [8] [d] 
8. The Sounds [h] [8] Before Vowe1s 
9. Voca1ic 1ntrusion and Addition 
THE SYMBOLS TO BE USED IN THIS PAPER心
ENGLISH APPROXIMATE ENGLISH APPROXIMATE 
EXAMPLES EQUIVALENT SYMBOL EQUIVALENT 自YMBOL IN JAPANESE EXAMPLES IN JAI'ANESE 
Conso叩 nts Voωels 
1. b boaも [Qot) b乱n 1. a f乱r [f!:r) a 
2. d dark [gark) dan ho七 [h.Q:t) 
3. f far 巴乱r) furui 2. a am ~m) (none) 
4. 9 gold [也golmd]l .!fakkδ 3. e late [1~t) ~go 
5. h home hachi ralse [r~z] 
6. k εold i与old] kin 4. e @も [回] .!l_mpltsu 
kodak [与6da同 bread [br三d)
7. 1 leも [18t) (none) said [sζ，d] 
8. m m乱n [!!!an] uma 5. i see [siJ ょe
9. n nexも [旦8kst] nam recelve [riせv]
10. IJ ngg [rI.!J] gigkδ reach [込町
sink [SI.!1k] 6. 1 m [ln] (none) 
11. P parも izLEasrt] l iEI!aおu b~come [blkam] 
12. r rest (none) 7. ;) for [f♀r] .Qru 
13. s send ~end) ，liuru al [.:21] 
♀lty 匝itI] ♀l!ghも [ぷ]
14. S shlp [Srp] sI1uppatsu 8. 0 g♀ [9Q] hir♀y 
15.も ten [lm] to c_smt [k♀t] 
16. e think 陰口k] (none) 9. u rule [r込1] ku 
too [tu] 
10. u pyt [P2もl pytto 
17. ti thaも 巴況も] (none) could [k.Qd] 
18. v very [ェen] violin g♀♀d [山d]
19. w wenも ~m叶 丸，varu 11. a bu七 [1主計] (none) 
20. y rou [よu] ，luku bird [b~rd] 
21. z ZOO [!u] zashiki oもher 的♀r]
rose [ro~ .Q:go @g6] 
know!l_ [no~] reas2n [ri宅n]
22. :; pl巴a}iure [plÉ~ar] (none) 
vlSlOn [ví~an] 
23. hw wilen [hwm] (none) 
24.可 children[込ildran]cha




Some Linguistic Dificulties in Teaching Pronunciation to the ]apanese Learner of English .487 
1. Distinction Between [1] and [i] 
Since the [1]-sound is lacking in Japanese， leamers of English are mo田 likely
to substitute the sound either for the [i]-sound or for Japanese jij rather than 
otherwise5). Thus， the Japanese leamer does not distinguish and can not reproduce 
the difference of the sounds such as in been and hean， live and leave， and so on. 
We should notice， however， that there is a striking difference between these two 
sounds. It is not the duration but the quality of the sounds that makes a distinc司
tion between [1 and [i]6). 
The symbol [1] represents a sound intermediate between [i] and [e] as shown 
in Figure 1. 1n other words， [1] is pronounced farther back than [i]， but fa出 er
forward than [e]; it is pronounced with the jaw and tongue lower than for [i]， but 
higher than for [e]. This relationship 
should be obvious to us if we will repeat 
several times the series [i-1-e]. The /ij町
sound in Japanese is somewhat similar to 
the [i ]-sound except that the position of 
the tongue is slightly lower than for [i]. 
When we change [i] to [1}， we notice 
the jaw relaxes and drops very slightly， 
the pressure of the sides of the tongue Fig. 1. Relationship of Eleven Vowels 
against the upper bicuspids decreases， and of American English 
the forced spreading of the lips disappears. The tongue tip may merely touch the 
back of the lower front teeth. 
Most important of aU， the opening between the tongue blade and the palate 
becomes wider and rounder. This means that the place where tongue and palate 
are closest together moves a litle farther back in the mouth. 
Whenever [i] is prolonged it is characterized by a graduaUy increasing mus-
cular tension which can be symbolized by [Ii]. On the other hand， [1] remains 
lax throughout its duration， and this lax utterance is completely unfamiliar to the 
Japanese. 
1n beginning our practice， therefore， itis helpful for us to put our fingers 
under our jaws， and to try to feel the increasing muscular bulge which indicates 
tongue position for [i]， and at the same time to try to avoid any such tension 
for [1]. 
Some suggested materials for practice are: 
a. Minimal pairs 
eat ..... 1t 
sheep .. .. ship 
bean .一… been
b. Series [i-1-e] 









(b出)、 a (凶)~_I/u (凶)
(地) I~4. . l/u (凶)
(bl!t) e ¥九ご/
1 -'¥も .':/0 (b虫も)
地色 dii、____LL
(b必)が I V ¥IJー〓UI
品 (p♀七)
sleep ... slip 
bead .. .. bid 
leave ... .live 
beat ... bit ... bet 
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bead ... bid .. . " bed deed ... did ... dead 
c. [i] and [1] sentences 
He bought a sheep. . . . .  He bought a ship. 
Not in the least............. Not in the list. 
She's going to leave. ... She's going to live. 
2. The Low Front Vowel [a] 
Japanese leamers of English may often have di伍cultywith this vowel sound 
since none of the sounds in Japanese are equivalent to the [a]-sound. 
To form [a] the jaw is lowered quite a bit， until the mouth is almost as 
wide open as it can be without making a muscular e旺ort. We should notice that 
this is the last front vowel that can be made; when we move on to [a]， the sides 
and tip of the tongue will no longer touch the upper or 
lower teeth at al. For [a]， the lightest possible contact 
is made between tongue tip and lower tooth ridge， and 
between sides of tongue and the tips of the upper bicus-
pids or even of the五rstmolar teeth just behind the bi-
cuspids. 1n other words， the passage through which the 
air escapes is as wide and deep as it can be and stil 
remain a passage formed by the tongue rather than by 
Fig. 2. the cheeks. 
---Tongue posilion in [a) Sometimes Japanese leamers confuse this vowel with 
. Tongue position in [e) the [E]-sound， but [E] is pronounced with the tongue in 
a higher position than for [a] as shown in Figure 2. 
Also， the Japanese leamer very often substitutes the [a]-sound for [a]. Thus， 
for example， he tends to pronounce sat as [sat] instead of [sat]. The usual causes 
for mistakes of this sort seem to be: 
a. The leamer cannot hear， and consequently cannot reproduce， the difference 
between [ a] and [ a].
b. The leamer is deceived by the inconsistencies of English spelling. The 
[a]・soundis spelled in words as a; therefore the leamer is apt to pronounce it 
always as [a] even when he五ndssuch words as g，ω， map， adjective， ancestor， 
ωk and so on. 
Another mistake which is likely to be made by the Japanese leamer is the 
substitution of [a] for “consonant + [ya]"， since we have the sound of this com暢
bination in Japanese. Some examples of this are the following') : 
pan as JpyanJ instead of [pan] 
ban as JbyanJ instead of [ban] 
map as JmyapJ instead of [map] 
wrap as JryapJ instead of [rap] 
Attention should also be directed to distinctions between [E] [a]， and [;:J]. 
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Especially in a aural-oral situation the [a]-sound is often confused with the [e]-
sound; for example， pan [pan]: pen [pen]， sat [sat]: set [set]， and so on. 
Some suggested materials for practice are: 
a. Distinctions between [e]， [a]， [d] 
pet . . ..pat ... putt bet. . . . bat . . . .  but
dead ... dad .. . . dud pen . . . . . pan . . . . . pun
ten ... tan ... ton peck ... pack ... puck 
b. Minimal sentences: 
He made a large bet................ He made a large bat. 
These are mighty big gnats. ・・・・・・ These are mighty big nuts. 
This isn't batter. .，.. This isn't butter. ... This isn't better. 
3. The Vowels [u] and [u] 
These two vowels are made with the tongue high in the back of the mouth. 
[u] requires tense muscles for both tongue and lips， and the lips should be 
rounded and protruded as much as possible， leaving a litle circular opening about 
the size of a pencil. The teeth are not visible8). 
Japanese juj is also formed with the tongue at the same position as [u]. The 
sound of juj is， however， utterly di百erentfrom that of [u] since it is produced 
with the lips unrounded. 
The vowel [u] requires a lax tongue and lip muscles， and the lip rounding is 
less vigorous than for [u]， though it should be present. This sound occurs only 
in the middle of words， as in pull [pul]，卸olf[wulf]， look [luk]， and could [kud]9). 
Because of the identical spellings and the di旺erencesin muscular tension which 
characterize [u] and [u]， Japanese leamers usually have great di伍cultyin differeri-
tiating them. 
T 0 form [u] the lips are， in fact， less rounded and protruded than in the 
production of [0]. The opening between them is wider across than for [0]， but 
a good bit smaller in distance from upper to lower lips. The teeth may be visi-
ble; the tips of the lower teeth approach the backs of the upper ones. Though 
the tongue tip touches nothing， the tongue itself is pulled back and up， more than 
for [0 J， until its sides touch the upper tooth ridge. 
A few more comparisons will help us to place these two vowels more accu-
rately. 1n comparison with [0]， which is mid high， back， tense， and rounded， [u] 
requires a higher tongue position and more vigorous lip rounding. 1n comparison 
with [i]， which is high， front， and tense， Iu] requires the tongue to be retracted 
into the back position， with vigorous lip rounding. 1n comparison with [A]， which 
is mid high， back， and lax， [u] requires a higher tongue position， and lip rounding. 
1n comparison with [1]， which is high， front， and lax， [u] requires the tongue to 
be retracted into the back position， with lip rounding. 
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Some suggested materia1s for practice: 
a. Minima1 pairs 
poo1......... pull 
wooed …… wood 
who'd ... hood 
b. Minima1 pair sentences 
foo1 …... ful 
boom ... book 
tomb ... took 
co田d…...could 
room…… rook 
food ... good 
They ought not to pull them. ... They ought not to poo1 them. 
1 don't 1ike this soot. ... ... .. .. 1 don't 1ike this suit. 
c. [u] and [u} sentences 
Put the books on the stoo1 in the back room. 
He pushed the food away from him with a spoon. 
The tourist saw the moon shining on the brook. 
4. The Consonants [t] and [d] 
For the pronunciation of [t] and [d]， most Americans touch the front of 
the tongue or the tip against the gum ridge， or even farther back than that'O). 
The sound [t] is voice1ess and [d] is voiced. These two sounds are formed by 
Fig.3. 
closing the ve1um， compressing the breath， and then ex-
p10ding the sound by sudden1y removing the tongue from 
the gum ridge口)
The Japanese sounds /t/ and /d/ are， on the other 
hand， made farther front than the Eng1ish equiva1ents， and 
the tongue is pushed forward against the teeth themse1ves 
as shown in Figure 3. In other words， the Eng1ish 
sounds are a1veo1ar consonants， whi1e the Japanese sounds 
are dental. This gives the Japanese sounds a sharper 
___ Tongue qua1ity; the Eng1ish sounds sound somewhat dull and 
position in [t] [d] indistinct to a Japanese. 
…Tongue When [tl，Id]occur directly before[E][a][ol，the 
in /t/ /d/ 
di妊erencebetween Eng1ish [t] [d] and Japanese /t/ /d/ is 
not so signi五cant. However， when [t] [d] occur before [i] [u]， the Japanese 1earner 
often五ndsdi伍cultywith the pronunciation of {ti] [di] [tu] [du]， for no similar 
sounds exist in Japanese. The Japanese 1eamer， therefore， tends to pronounce tea 
as [tfi] instead of [ti]， deep as [dzip] instead of [dip]， two as [tsu]， instead of [tu] 
and so on. 
Some suggested materia1s for practice are: 
a. [t] and [d] contrast 
1. tore . . . .  door 
2. fate . . . .  fade 
3. bitter...... bidder 
toes ...…... doze 
debt...…・・・ dead




traitor ... trader 
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b. [t] and [d] sentences 
The team made two touchdowns in the五rstquarter. 
The painting depicted a freight train caught in a snowdrift. 
The admira1 tuned in the London radio. 
The desk was covered with dust and dirt. 
5. Distinction Between [r] and [1] 
1t is well known that Japanese 1eamers of Eng1ish usually have， in particu1ar， 
di伍cultyin making a distinction between [r] and [1]'2). We shou1d spend a great 
dea1 of time pronouncing such pairs of words as grass [grasJ and glass [g1asJ， 
crime [kra1m] and climb [k1a1m]， free [fri] and .flee [fli]， making the tip of the 
tongue touch the tooth ridge for [1] and stay away from the roof of the mouth 
and teeth for [r]. 1n a sense， [1]and [r] are made in exactly opposite ways: for 
[1] the tongue tip touches the tooth ridge and the air goes out over the sides; for 
[r] the sides of the tongue touch the tooth ridge while the air go田 outover the 
midd1e and tip. 
Speakers of Eng1ish normally pronounce [1] with the tongue touching the 
tooth ridge， just behind the upper teeth. We shou1d remember that the sides of 
the tongue do not touch anything. 
Figure 4 illustrates the two main varieties of American Eng1ish [1]. The 
clear [1]， with the upper surface of the tongue s10ping gradually back from the 
point of contact on the tooth ridge， a1ways occurs immediate1y before a vowel. 1t 
may occur at the beginning of a syllab1e， as in let， allow， and quickly; or after 
a consonant， as in sled， play， and acclaim. 
The dark [1]， in which the back of the tongue rises slightly toward the soft 
pa1ate in addition to the contact on the tooth ridge， occurs at the ends of words， 
as in tel and hustle， and before consonants， as in told and else川.
Fig.4. 
一一-Tongue position in clear [1] 
.， Tongu巴positionin dark [1] 
Fig.5. 
一一.~Tongue position in [r] 
……Tongue position in /r/ 
The [r]-sound is pronounced by a 1arge majority of Eng1ish-speaking peop1e 
with both sides of the tongue touching the back part of the tooth ridge and the 
back teeth. Here we shou1d a1so note that the tongue tip does not touch anything 
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as shown in Figure 5; the middle of the tongue， inc1uding the tip， islower than 
the sides， and the air goes out through the channel formed between the middle of 
the tongue and the roof of the mouth. The glide， the characteristic [r]喝ound，is 
produced as the speech organs move to this position from a vowel， as in αre [ar]， 
or away from this position to a vowel， as in red [rE~d]. 1n whatever direction the 
movement may end， italways begins by a motion toward the back of the mouth. 
The Japanese sound /r/， on the other hand， ismade by lifting the tip of the 
tongue backwards， then quickly and decisively bringing it down with a brief flick 
agairist the gum ridge. 1t is somewhat similar to the sound which many Americans 
pronounce in the middle of words like Bet砂，letter， latter， cottage. 
Some suggested materials for practice are: 















?? rock …・・・… 10ck 
wrong ......10ng 
crowd ・・・… cloud 
marrow...…mallow 
road ..... load 
roya1 ... 10yal 
grazier . . . .  glazier 
correct.…・・ collect
b. Minimal sentences with [r] and [1]. 
1 don't want rice. ........ 1 don't want lice. 
That's quite right. ........ That's quite light. 
The races are expensive. ... The laces are expensive. 
6. The Consonants [d3] and [3] 
Although we have similar sounds in Japanese， jd3/ to [d3] ;lnd /3/ to [3]， 
there seems to be no de五nitedistinction between these two ]apanese sounds. 
When we say， for examp1e，“1 write a character." in Japanese， we put it either 
in fd3i 0 kaku/or in /3i 0 kaku/. 
1n the same way we say fd3ikan/ or f3ikan/ to mean time， and both of them 
are generally accepted. This fact makes the distinction between the English sounds 
[d3] and [3] a1 the more troublesome， since， for instance， ledger and leisure sound 
the same a1 the time to the ears of Japanese learners. 
A1so in .a reading situation， Japanese learners mostly pronounce these two 
words in the same way; i. e.， either as [lEd3<lr] or as [lE3<lr]; hence the following 
examples of distorted pronunciation: 
a) distorted pronunciation of /3/ type 
[3i] engine as [m31n] instead of [md31n] 
[3a] jam as [3am] instead of [d3am] 
[3A] jump as [3Amp] instead of [d3Amp] 
-[3] courage as [kArI3] instead of [kArId3] 
b) distorted pronunciation of fd3/ type 
[ d3i] Asiatic as [ ed31a己t1k]instead of [e31a己t1k]
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[d3;J] treasu町田 [trrd3;Jr] instead of [tre3;Jr] 
[d3U] usual as [jud3U;Jl] instead of [ju3u;Jl] 
一[d3] prestige as [prrstid3] instead of [prrsti3]14) 
The consonant sound [3] is a voiced fricative. During the pronunciation of 
[3] the tip of the tongue is very close to the tooth ridge and the middle of the 
tongue is close to the palate; the tongue is grooved and the lips are pushed 
outward. The teeth are close together. The sound [J] 
is a voiceless fricative. We should notice that the only 
di妊erencebetween these two sounds is that [J] is voice-
less and [3] is voiced. Therefore， the position of the 
tongue and lips during the pronunciation of [f] and [3] 
is identical as shown in Figure 6. 
1n the same way， the [d3]・soundis the voiced counter-
part of the [tS]-sound. [d3] is spelled j， g， d， or d，σas ln 
judge， age， and grandeur. As with [tf]， the compound 
nature of [d3] can be demonstrated by trying to prolong it. 
The lips， tongue， and teeth are in almost the s創neposition as for [3]. How 
ever， in the pronunciation of [d3] the tip of the tongue touches the tooth ridge 
and stops the air stream during the五rstp町tof the sound. 
Some suggested materials for practice are : 
[3] and [d3] contrast 
leisure . . . .  ledger 
division ... religion 
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position in [S] and [3] 
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.. vigil 
measure .. .. maJor 
visual 
?








[J] and [3] sentenc白
The missionary measured the sugar into three dishes. 
After the collision the glazier showed unusual composure. 
??
[tJ and [d3] sentences 
The judge charged the jury in the forgery case. 
The budget provided for bridges and a large orchard. 
c. 
Each of the consonants [f] [v] [8J and [δ1 has no similar sound in Japanese. 
When we pronounce these consonants， therefore， the substitution of them for 
Japanese sounds訂 emost likely to occur. Some examples of the distorted sounds 
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vote as /bout/ instead of [vout] 
[8] thank as /safJk/ instead of [8afJk] 
thick as /sIk/ instead of [8Ik] 
[d] bathe as /bez/ instead of [bed] 
clothe as /klouz/ instead of [kIoud] 
[f] and [v] are formed by pressing the lower lip against the upper teeth and 
forcing breath between the narrow spaces between the 
teeth. [f] is voiceless， with strong breath pressure. [v] 
is voiced， with moderate breath pressure. For both 
sounds the soft palate valve must remain closed as shown 
in Figure 7. 
The ]apanese /f/， on the other hand， ismade by 
placing both lips close together as if about to whistle 
and then let the air come out in a puff between. The 
Fig. 7. Lip and Tongue /f/-sound in ]apanese， then， isa sound without any teeth. 
position in [f] [v] The contrast between stop and explosion for [p] and 
[b]， and continuous emission of the breath for [f] and [v]， marks the essential 
di旺erencebetween these two groups of sounds. We should aim for a light touch 
of the teeth on the lips. The breath stream should be allowed to come out 
easily for [f] and [v]， without exaggerated facial movements. 
Some suggested materials for practice: 
a. [f] and [v] contrast 
feel ... veal fan ... van fat ... vat 
fail ... veil leaf ... leave life ... live 
b. Minimal sentences with [f] [h] 
He found it in the hold. .. ...He found it in the fold. 
It's hard to feel sorrow. ... .It's hard to heal soロow.
c. Minimal sentences with [b] [v] 
We need a hundred bolts. . -. . . . .. We need a hundred voltS. 
They have TB at their house. ... They have TV at their house. 
For [8] and [d] the tip of the tongue must touch the front teeth. It may 
protrude slightly between them， or lightly touch the back of the upper teeth. Both 
sounds are frictional: [8] voiceless， with strong breath pressure; [d] voiced， with 
moderate pressure. [8] is also often confused by the ]apanese learner with [t] or 
[fJ; [d]， with [d] or [v]. We should concentrate our attention on touching the 
tip of the tongue lightly against the teeth for both [8} and [d]. 
Some suggested materials for practice are: 
a. [8] and [d] contrast 
teeth ... teethe sooth. . . . soothe ether ..... either 
loath .. . . loathe wreath ... wreathe sheath ... sheathe 
b. Sentences with [8] and [d] 
The youthful athletes dashed across the path. 
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The rusty old lathe was worse than worthless. 
The clothing store on Seventh Street held a closing-out sale. 
8. The Sounds [h] [s] Before Vowels 
1. The [h]-sound before vowels 
The /h/-sound in Japanese has no charateristic position of the tongue or lips， 
but adapts itself to the tongue or lip position of whatever sound immediately fol-
lows it. Thus， the /h/-sound as in haita (toothache)， isby no means identical 
with the /h/-sounds as in himα(=spare time) and huben (ニinconvenience).
The Japanese /h/-sound may be classi五edinto the following three sound groups 
according to the type of vowels which follow immediately after it. 
a. The /h/-sound before /a/， /e/ /0/. 
hakari (ごmeasure)，hake (=brush)， hakken (=discovery)， hatsuon (=pronuncia-
tion)， hensai (二repayment)，henkα(二change)，hoザnar・e(=honour)， hokoku 
(=report)， and so on. 
b. The /h/-sound before /1/. (may be symbolized by /X/) 
himo (二string)，hitozumα(二marriedwoman)， hitotsu (=one)， hitsuyo (=neces-
sity) ， h的uji(二sheep)，and so on. 
c. The /h/-sound before /u/. (may be symbolized by /1>/) 
hukin (二neighbourhood)，hunto (二struggle)，huri (=disadvantage)， husai 
(=debt)， huzai (二absence)，huun (=misfortune)， and so on15). 
The English [h]司sound，however， remains altogether the same even before [i] 
and [u]. Thus， the [h]-sounds as in he， hood， hay，訂 ealways identical regardless 
of the kind of vowels it may precede. Therefore， Japanese learners who are 
accustomed to use the above three /h/ sounds each in its own proper way tends 
to pronounce he as /Xi/ instead of [hi]， hit as /Xit/ instead of [h1t]， and hood as 
/1>ud/ instead of [fud]，ωho as /1>u/ instead of [hu]， and so on. 
The English [h]-sound consists of a puff of breath which is usually accom-
panied by enough contraction within the larynx to produce audible friction. The 
sound is limited in occurrence: it is used chiefly at the beginning of stressed 
syllables before vowels. It does not occur before consonants or at the end of 
syllables. 
I. The [s]-sound before日and[e] 
A. The [s]-sound before [i]. 
When the [i]-sound immediately follows the [s]-sound， Japanese learners are 
most likely to pronounce the sequence as [fi] instead of [si]， since there is no 
[si]幽soundin Japanese. The native speaker uses both the [si]剖 ld[fi]-sounds each 
in its proper way such as in seat and sheet， see and she. The Japanese， on the 




B. The [s]-sound before [E]. 
When the [E]-sound， instead of the [i]， immediately follows the [s]-sound， we 
tend to pronounce the sequence always as [SE] and not as [JE] even when it 
should be pronounced as such. The [JE]-sound， instead of the [sE]-sound， islacking 
in Japanese in this case. Thus the Japanese learner is likely to pronounce shave 
as [sev] instead of [J ev ]， shake as [sek] instead of [J ek] shed as [sEd] instead of 
[JEd]， and so on. 
9. Vocalic Intrusion and Addition 
1. Vocalic intrusion 
1n Japanese we do not have consonants in sequence. The typical syllable in 
Japanese consists of a vowel preceded by a consonant， as in ka， ke， so， etc. ; also 
there is no syllable ending with a consonant such as ak， ag， et， etc. Therefore， 
English consonantal sequences， such as [spr] as inやring，[scr] as in scrap， [str] 
as in street are sometimes very di伍cultfor Japanese learners to pronounce pro-
perly. Thus， when we hear an English consonantal sequence， we are apt to rein-
terpret this as one of our combinations of ‘consonant + vowel，' and say， for example， 
tree as [turi] instead of [tri]， street as [storit] instead of [strit]， train as [toren] 
instead of [tren]， and so on川.
11. Final vocalic addition 
As is described above， no Japanese word has a consonantal ending， whereas 
in English words a vowel sound for the ending of a word is less frequent rather 
than otherwise. The Japanese learner is apt to su伍xsome unneeded prop vowel 
even to the ending of an English word which usually ends in a consonant， and this 
mispronunciation is especially conspicuous at the end of sentences. Some examples 
are the fol1owing: 
Thank you very much. 
1 bought a ticket. 




She hands on to a strap. as jstorapuj 
Concluding Remarks 







The present writer has discussed in this paper chiefly the common mistakes 
involving the substitution of Japanese sounds for their English counterparts. The 
substitution of this kind， compared with the substitution of one English phoneme 
for another， may be regarded as a problem of more importance especial1y when 
we teach Japanese learners at their early stage of practicing. 
The present writer is， however， well aware of the fact that in advanced classes 
the substitution of Japanese sounds is relatively infrequent in the speech of learners; 
instead， a few such substitutions一[i]for [1]， [a] for [8]， [b] for [v]， [s] for [9]， 
etc.-accounted for the great majority of cases. 
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Also， he realizes the fact that in most cases of phonemic substitution， even in 
those where the mispronunciation should result in giving the word a completely 
different meaning-sit as [sit] (seat) instead of [sIt]， glass as [gras] (grass) instead 
of [glas]-， the context usually makes the intended meaning clear and intelligible的.
The present writer， further， understands that a knowledge of voicing alone， 
such as described in this paper， does not enable the leamer to make a clear dis司
tinction between words like plays [ple~] and place [ple~]. Better results may be 
obtained when we also point out and practice the so-called secondary differences 
between [ez] and [es]: vowel length， consonant aspiration， and so on; he will， 
however， need another paper to deal with them properly. 
(Received Apr. 30， 1965) 
NOTES 
1) Fries， C. C.， English Pronunciation， English Language 1nstitute， Univ. of Michigan， 1954， p.5. 
2) This paper is based on the type of English known as General American， the language which 
may be heard， with only slight variations， from Ohio through the Middle West and to the Pacific 
Coast， and is also based on the Standard Japanese when Japanese sounds are used in contrasting 
with English ones. As for the regional types of American English pronunciation， see: Thomas， 
C. K.， An Introduction to the Phonetics of American English， The Ronald Press Company， N巴W
York， 1947， pp. 142-175. 
3) Matsumine introduces various trouble.spots in teaching pronunciation， together with Lado's 
五ndingsresulted from Test of Aural Perception for Japanese Students， (1950). Matsumine， R.，
Eigo no nyumon ki (Teachers' Manual Series 2)， Taishukan Publishing Company， Tokyo， pp.79 
-80. 
4) Adapted from Prator Jr.， C. H.， Ma側 alof Americωt English P;印刷nαation，Holt， Rinehart and 
Winston， 1nc.， New Y ork， 1960， pp.4-5. Slightly modified. 
5) One of the definite reasons for this mispronunciation may be due to the fact that the [lJ-sound 
is symbolized by [i]， and the [i]-sound by [i :] in most of English dictionaries published in Japan. 
6) The sounds are phonetically different; th巴 substitutionof one for the other makes a different 
word. The substitution of [a] or [a:] or [0:] for [0]， however， isfor most speakers merely 
a phon巴ticdifference. Brown， V.，“Teaching English Effectively" Eigo Kyoiku， Vol. 1X， No. 10， 
1961， p.17. 
7) There are nine cases in which such a substitution is most likely to occur: they are; (pya.ん
(byaん(kya(，(gya(， (fJya(， (mya(， (nya(， (rya(， and (hya(. 
8) Jones points out that many native speakers use in place of [u:] a diphthongal sound which may 
be represented by [uu]， and that this diphthongal pronunciation is particular noticiable in五nal
pos此ion，as in [tuu] (two， too). Jones， D.， The Pronunciation of English， The Synics of the 
Cambridge Univ. Press， London， 1950， p.42. 
9) 1n unstressed syllables before a following vowel， [u] regularly weakens to [u] as in casual 
[ka3U<lI]， graduate [gr田d3U<lt]，and the phrase to Ithaca [tu18<lk<l]. Unstressed [0] may also shift 
to [u] or a weak [u]， as in [w1ndu] or [w1ndu] for window， and [n詑 ru]or [u配ru]for narrow. 
The weakened [u] and [u] parallel， in some respects， the weakened [i] and [1] of any [mi] or 
[m1]. Thomas， C. K.， ibid， p.94. 
10) 1n English， th巴 d巴ntalarticulation is normal only when [t] [d] occur in combination with the 
dental [th]， asin eighth and width. 1n other positions， the dental [t] [d] sound foreign， especially 
when [n]， and [1] are similarly dentalized. Thomas， C. K.， ibid， pp. 39-40. 
11) The native speaker of English tend to weaken the [t]-sound， especially in the middl巴ofa word 
which mak巴 thedistinction between [t] and [d] more di伍cultfor the Japanese learner of Eng-
lish. [t] may then change to a kind of [d)， to a vari巴tyof [r] made with a single tap of the 
tongue against the gum ridge， or it may vanish completely. The careless pronunciation of such 
(497) 
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words as litle， better， and bottle illustrate these weakend forms. 
12) As to the difficulty the Japahese experience in distinguishing between [1] and [r] sounds， Ota 
introduced an amusing example in his paper. He wrote:“When Dr. and Mrs. Fries went to 
Kyoto and put up at a hotel called Tawaraya， they asked the hotel-keeper what the name meant. 
The hotelkeeper， who happened to know some English， answered that it meant‘licebag'， meaning， 
of course，‘rice-bag.' For some time， Dr. and Mrs.‘Fleas' in the ‘Lice-bag' was a joke that 
tickled everybody'. Ota， A.，“The Teaching of English in Japan"， Eigo Kyoiku， Taishukan 
Publishing Company， Tokyo， Vol. XII， No. 6， 1963， p.22. 
13) Thomas points out that most Americans use the dark [1] between vowels， as in silly and hollow， 
but most 50utherners use the clear. Thomas， C. K.， Handbook of Speech Improvement， The 
Ronald Press Company， New York， 1956， p.48. 
14) prestige can also be pronounced as [PrEstid3]. No. English words begin with the [3l-sound， and 
quite a few words have the sequence of [3a]， [3a]， [3U]. In case of two words sequence， 
however， such as "grage of..'[g;)ra3 av...]， the [3a]-sequence occurs. 
15) In this casc， f is used instead of h in the Hepburn system of the Romanized letters. The /f/-
sound in Japanese occurs only before u. 
16) To cite another example， citron in English is a two-syllabled word， but when borrowed by 
Japanese， itis pronounced as a four-syllabled word: sitoron. 
17) Gauntlett made an interesting report on his aural perception test given to his Japanese students. 
As to the result of the test he examined its validity and added:“In short， whether a student 
has in his English phonological framework an [l]-[r] distinction or not does not necessarily 
handicap understanding on his part when he listens to a native speaker of English. This is 
assumedly because he has a larger framework to go by， when listening， than the merely phonetic 
or phonological. In other words， ifhe hears [riJkεet z記 gra: s]， when what has been said was 
Look at the glass， he responds to the stimulus by hearing the statement in a context of situation， 
or in a stretch larger than he actually hears， so that he is most unlikely to‘hear' what has not 
been saidぺ
Gauntlett， J.0.，“50me Matters Requring Attention in the Field of English as a Foreing Lan-
guage"， Eigo Kyoiku， Taishukan Publishing Company， Vol. XIII， No. 1， 1964， pp.23-24. 
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桁における 2・3の話題 能町純雄 土木学会北海道支部 40. 2.22 
鋳鉄系材金料の被織削性l乙関する研究 (第1削報抵) 菊池千之
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